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\§ PREFACE.

‘While we have recent and improved systems of Geography, of
Arithmetic, and of Grammar, in ample variety,—and Reading and
Spelling Books in corresponding abundance, many of which show our
advancement in the science of education, no one has offered to the
public, for the use of our schools, any new or improved system of Na-
tural Pmloso‘fhy. And yet this is a branch of education very exten-
sively studied at the present time, and probably would be much more
o, were some of its parts so explained and illustrated as to make them
more easily understood.

The author therefore, undertook the following work at the sugges-
tion of several eminent teachers, who for years have regretted the want
of a book on this subject, more familiar in its explanations, and more
ample in its details, than any now in common use.

he Conversations on Natural Philoso‘ﬁ)hy, a foreign work now ex-
tensively used in schools, though beautifully written, and often highl
interesting, is on the whole considered by most instructors, as exceecf:
ingly deficient—particularly in wanting such a method in its expla-
nations, as to convey to the mind of the %upil, precise and definite
ideas; and also in the omission of many subjects, in themselves most
useful to thestudent, and at the same time most easily taught.

It is also doubted by many instructors, whether Conversations is the
best form for a book of instruction, and particularly on the several sub-
jects embraced in a system of Natural i (i)hy. Indeed those who

ve had most experience as teachers, are decidedly of the opinion
that it is not ; and hence we learn, that in those parts of Europe where
the subject of education has received the most attention, and conse-
quently where the best methods of conwi{ing instruction are suppos-

e form of conversations are
at present entirely out of use.
he author of the following system hopes to have illustrated and
explained most subjects treated of, in a manner so familiar as to be
understood by the pupil, without requiring additional diagrams, or
new modes of explanations from the teacher.

Every one who has attempted to make himself master of a difficult
proposition by means of diaﬁmms, knows that the t number of let-
ters of reference with Ov;’éhlllc ﬂtl)ey ar:n;lnmeﬁm‘;ir loaded];, is often the
most lexin, e subject, partic y when one ﬁg\ue
is ma.ggrt% ansvgel:‘gveml and is placed at a distance from
the explanation. To avoid this difficulty, the author has introduced
additional to illustrate the different parts of the subjects, instead
of referring back to former ones, so that the student is never perplexed
with many letters on any one figure. The are ag placed
under the eye, and in immediate connexion with their description, s
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that theletteis of reference in the text, and those on the diagrams, can
be seen at the same time. In ;;ﬁect to the 1 employed,bit
has been the chief object of the or to make himself understood by
those who kmow nothing of mathematics, and who indeed had no pre-
vious knowledge of Natural Philosophy. Terms of science have
therefore been as much as possible avoided, and when used, are ex-
lained in connexion with ge subjects to which they belong, and it is
0] to the comprehension of common readers. his method was
t.houﬁ t preferable to that of adding a Glossary of scientific terms.
The author has also endeavored to illustrate the subjects as much
as possible by means of common occurrences, or common things, and
in this manner to bring philosophical truths as much as practicable
within ordinary acquirements. It is hoped, therefore, that the prac-
tical mechanic may take some useful hints concerning his business,
from several ﬁm of the work.
Hartford, May, 1830.
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NATURAL PHILOSOPHY.

THE PROPERTIES OF BODIES.

A Bopy is any substance of which we can gain a know-
ledge by our senses. Heace air, water, and earth, in all their
modifications, are called bodies.

There are certain properties which are common to all bo-
dies. These are called the essential properties of bodies.
They are Impenetrability, Extension, Figure, Divisibility,
Inertia, and Attraction.

Impenetrability. By impenetrability, it is meant that two
" bodies cannot oceupy the same space at the same time, or,
that the ultimate particles of matter cannot be penetrated.
Thus, if a vessel be exaculy filled with water, and a stone, or
any other substance heavier than water be dropped into it, a
quantity of water will overflow, just equal to the size of the
heavy body. This shows that the stone only separates or dis-
places the particles of water, and therefore that the two sub-
stances cannot exist in the same place at the same time. Ifa .
glass tube, open at the bottom, and closed with the thumb at
the top, be pressed down into a vessel of water, the liquid will
not rise up and fill the tube, because the air already in the
tube resists it ; but if the thumb be removed, so that the air
can pass out, the water will instantly rise as high on the inside
of the tube as it ig on the outside. . This shows that the air is
impenetrable to the water.

If a nail be driven into a board, in common language, it is
said to penetrate the wood, but in the language of philosophy,
itonly separates, or displaces the particles of the weed. The

What is a body ? Mention several bodies. What are the esseptial
properties of bodies? What is meant by impenetrability? How is it
proved that air and water are impenetrable ?
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same is the case, if the nail be driven into a piece of lead;
the particles of the lead are separated from each other, and
crowded together, to make room for the harder body, but the
particles themselves are by no means penetrated by the nail.

When a piece of gold is dissolved in an acid, the particles
of the metal are divided, or separated from each other, and
diffused in the fluid, but the particles of gold are supposed
still to be entlre, for if the acid be removed, we obtain the
gold again in its solid form, just as though its particles had
never been separated.

Eztension. Every body, however small, must have length,
breadth, and thickness, since no substance can exist without
them. By extension, therefore, is only meant these qualities.
Extension has no respect to the size, or shape of a body. The
size, and shape of a block of wood a foot square ig quite dif-
ferent from that of a walking stick. But they both equally .
possess length, breadth, and thickness, since the stick might
be cut into little blocks exactly resembling in shape the
large one. And these "little cubes might again be dividéd
until they were only the hundredth part of an inch in diame-
ter, and still it is obvious, that they would possess length,
breadth and thickness, for they could yet be seen, felt, and
measured.  But suppose each of these little blocks to be
again divided a thousand times, it is true we could not mea-
sure them, but still they would possess the quality of exten-
sion, as really as they did before division, the only difference
being in respect to dimensions.

Figure, or form, is the result of extension, for we cannot,.
conceive that & body has length and breadth, without its also”
having some kind of figure, however lrregular

Some solid bpdies have certain, or determinate forms,
which are preduced by nature, and are always the same,
wherever they are found. Thus a crystal of quartz has six
sides, while a garnet has twelve sides, these numbers being
invariable. Some solids are so-irregular, that they cannot

‘When a nail is driven into a board, or piece of lead, are the particles
of these bodies penetrated or separated? Are the parucles of gold die-
solved, or only separated by the acid? What is meant by extension?
In how many directions do bodies possess extension? Of what is
figure, or form the result? Do all bodies possess figure? What solids
are regular in their forms? What bodies are irregular?
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be compared with any mathematical figure. This is the case
with the fragments of a broken rock, chips of wood, fractured
glass, &c.

Fluid bodies have no determinate forms, but take their
shapes from the vessels in which they happen to be placed.

Divisibility. By the divisibility of matter, we mean that
a body may be divided into parts, and that these parts may
again be divided into other parts, and so on indefinitely.

It is quite obvious, that if we break a piece of marble into
two parts, these two parts may again be divided, and that the

“process of division may be continued until these parts are so
small as not individually to be seen or felt. But as every body,
however small, must possess extension and form, so we can
conceive of none so minute but that it may again be divided.
There is, however, in all probability, a limit, beyond which
the particles of matter cannot be divided, for we do not sup-

. pose that the atoms of which bodies are composed, are them-
selves divisible, or can be broken, and therefore here, divisi-
bility must end. But under what circumstances this takes
place, or whether’it is in the power of man during his whole
life, to pulverize any substance so finely, as that it may not
again be broken, is unknown. )

We can congeive, in some degree, how minute must be the

. particles of matter, from™circumstances that every day come
within our knowledge.

A single grain of musk will scent a room for years, and
still lose no appreciable part of its weight. Here, the particles
of musk must be floating in the air of every part of the room,
otherwise they could not be every where perceived.

Gold is hammered so thin, as to take 28,000 leaves to make
an inch in thickness. Here, the particlesstill adhere to each
other, nowithstanding the great surface which they cover,—a
single grain being sufficient to extend over a surface of fifty
square inches.

The ultimate particles of matter, however widely they may
be diffused, are not individually destroyed, or lost, but under
eertain circumstances, may again be collected into a body

‘What is meant by divisibility of matter? Ts there any limit to the
divisibility of matter” Are the atoms of matter divisible? What ex-
amples are given of the divisibility of matter? How many leaves of
gold does it take to make an inch in thickness? How many square
inches muy a grain of gold be made to cover ?
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without change of form. Mercury, water, and many other
substances, may be converted into vapor, or distilled in close
vessels, without any of their particles being lost. In such
cases, there is no decomposition of the substances but only a
change of form by the heat, and hence the mercury and wa-
ter, assume their original state again on cooling.

When bodies suffer decomposition or decay, their elemen-
tary particles, in like manner, are neither destroyed nor lost,
but only enter into new arrangements, or combinations with
other bodies:

When a piece of wood is heated in a close vessel, such asa
retort, we obtain water, an acid, several kinds of gas, and
there remains a. black, porous substance, called charcoal.
The wood is thus decomposed, or destroyed, and its particles
take a new arrangement, and assume new forms, but that
nothing is lost is proved by the fact, that if the water, acid,

s, and charcoal be collected and weighed, they will be
found exactly as heavy as the wood was, before distillation.
+- Pones, flesh, or any animal substance, may in the same
manner be made to assume new forms, without losing a parti-
cle of the matter which they originally contained.

The decay of animal, or vegetable' bodies, in the open air,
or in the ground, is only a pracess by which the particles of
which they were composed, change their places, and assume
new forms. .

The decay, and decomposition of animals and vegetables on
the surface of the Earth form the soil, which nourishes the
growth of plants and other vegetables ; and these in their
turn, form the nutriment of animals. Thus is there a per-
petual change from death to life, and from life to death, and
as constant a succession in the forms and places, which the
particles of matter assume. Nothing is lost, and not a parti-
cle of matter is struck out of existence. The same matter of
which every living animal, and every vegetable was formed,
before and since the flood, is still in existence. As nothing is
lost or annihilated, so it is probablethat nothing has been
added, and that we, ourselves, are composed bf particles of

Under what circumstances may the particles of matter again.be col-
lected in their original form ? When bodies suffer decay, are their
articles lost? What becomes of the particles of bddies which decay ?
® it probable that any matter has been annijhilated, or added, since the
first creation? AN

L S
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matter as old as the creation. In time, we must in our turn,
suffer decomposition, as all forms have done before us, and
thus resign the matter of which we are composed, to form new
existences. )

Inertia. TInertia means passiveness, or want of power.
Thus matter is, of itself, equally incapable of putting itself in
motion, .or of bringing itself to rest when in motion.

It is plain that a rock on the surface of the earth, never
changes its position in respect to other things on the earth.
It has of itself no power to move, and would, therefore, forever
lie still, unless moved by some external force. This fact is
proved by the experience of every person, for we see the same
objects lying in the same positions all our lives. Now it is
just as true, that inert matter has no power to bring itself to
rest, when once put in motion, as it is, that it cannot-put it-
self in motion, when at rest, for having no life, it is perfectly
passive, both to motion and rest, and therefore either state de-
pends entirely upon circumstances.

Common experience proving that matter does not put itself
in motion, we might be led to believe, that rest is the natural
state of all inert bodies, but a few considerations will shew,
that motion is as much the natural state of matter as rest, and
that either state depends on the resistance, or impulse of ex-
ternal causes.

If a cannon ball be rolled upon the ground, it will soon
cease to move, because the ground is rough, and presents im-
pediments to its motion,-but if it be rolled on the ice, its mo-
tion will continue much longer, because there are fewer im-
pediments, and consequently, the same force of impulse will
carry it much farther. We see from this, that with the same
impulse, the distance to which the ball will move must de-
pend on the impediments it meets with, or the resistance it has
to overcome. Bat suppose that the ball and ice were both so
smooth as to remove as much as possible the resistance caused
by friction, then it is obvious that the ball would continue to
.moye longer, and go to a greater distance. Next suppose we
avoid the friction of the ice, and throw the ball through the
air, it would then continue in motion still longer with the same

What is said of the particles of matter of which wo are made? What
does inertia mean? Is rest or motion the natural state of matter?
Why does the ball roll further on the ice than on‘'the ground? \What
does this prove ?

DAY
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force of projection, because the resistance of the air is less
than that of the ice, and there is nothing to oppose its con-
stant motion, except the resistance of the air, and its own.
weight, or gravity.

I? the air be exhausted, or pumped out of a vessel-by means
of an air pump, and a common top, with a small, hard point,
be set in motion in it, the top will continue to spin for hours,
because the air does not resist its motion. A pendulum, set
in motion, in an exhausted vessel will continue to swing, with-
out the help of clock work, for a whole day, because there is
nothing to resist its perpetual motion, but the small friction at
the point where it is suspended. :

We see then, that it is the resistance of the air, of friction,
and of gravity, which cause bodies once in motion to cease
moving, or come to rest, and that, dead matter of itself, is
equally incapable of causing its own motion, or its own rest.

We have perpetual examples of the truth of this doctrine,
in the moon, and. other planets. These vast bodies move
through spaces which are void of the obstacles of air and fric-
tion, and their motions are the same that they were thousands
of years ago, or at the beginning of creation.

Attraction. By attraction is meant that property, or qualit,
in the particles of bodies, which makes them tend toward eac{
other. :

We know that substances are composed of small atoms, or
particles, of matter,and that it is a collection of these, united
together, that forms all the objects with which we are acquaint-
ed. Now when we come to divide, or separate any substance
into parts, we do not find that its particles have been united,
or kept together by glue, little nails, or any such mechanical
means, but that they cling together by some power, not obvi-
ous to our senses. ‘This power we call attraction, but of its-
patare or cause, we are entirely ignorant. Experiment and
observation however, demonstrate, that this power pervades
all material things, and that under different modifications, it

Why, with the same force of projection, will a ball move further

. through the air than on the ice ? Why will a top spin, or 2 pendulum

swing longer,in an exhausted vessel than in’ the air? What are the
causes which resist the perpetual motion of bodies? Where have we
an example of continued motion, without the existence of air and fric-
tion? What is meant by attraction? What is known about the caunse
of attraction? s attraction contmon -to all kinds of matter, or not ?
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not only makes the particles of bodies adhere to each other,
but is the eause which keeps the planets in their orbits as they
through the heavens. .

Attraction has received different names, according to the
circumstances under which it acts.

The force which keeps the particles of matter together, to
form bodies, or masses, 1s called attraction of cohesion. That
which inclines different masses towards each other, is called
attraction of gravitation. That which causes liquids to rise
in tubes, is called capillary attraction. 'That which forces
the particles of substances of different kinds to unite, is known
under the name of chemical attraction. That which causes
the needle to point constantly towards the poles of the earth
is magnetic attraction ; and that which is excited by friction
in certain substances, is known by the name of electrical at-
traction.

The following illustrations, it is hoped, will make each kind
of attraction distinct and obvious to the mind of the student.

Attraction of cohesion acts only at very short distances, as
when the particles of bodies apparently touch each other.
In some substances it appears to act with much greater force
than in others.

Take two pieces of lead, of a round form, an inch in diame-
ter, and two inches long ; flatten one end of each, and make
through it an eye-hole for a string. Make the other ends of
each as smooth as possible, by cutting them with a sharp
knife. If now the smooth surfaces be brought together, with
a slight turning pressure, they will adhere with such force
that two men can hardly pull them apart by the two strings.

In like manner, two pieces of plate glass, when their surfa-
ces are cleaned from dust, and they are pressed together, will
adhere with considerable force.

This kind of attraction is much stronger in some bodies
than in others. Thus it is stronger in the metals than in most
other substances, and in some of the metals it is stronger than
in others. In general it is most powerful among the particles

What effect does this power have upon the planets? Why has at-
traction received different names?’ How many kinds of attraction are
there? How does the attraction of cohesion operate 2 What is nieant
by attraction of gravitation? What by capillary attraction? What by

emical attraction? What is that which makes the needle point to-
wards the pole? How is electrical “attraction excited? Give an ex-
ample of cohesive attraction.

~
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of solid bodies, weaker among those ef liquids, and probably
entirely. wanting, among elastic fluids, such as air, and the

ages. )
g Thus, a small iron wire will hold a suspended weight of
many pounds, without having ifs particles separated ; the par-
ticles of water are divided by a very small force, while these of
air, are still more easily moved among each other. These
different properties depend on the force of cohesion with
which the several particles of these bodies are united.

When the particles of fluids are left to arrange themselves -
according to the laws of their attraction, the bodies which
they compose assume the form of a globe or ball. :

Drops of water thrown on an oiled surface or on wax,—glo-
bules of mercury,—hail stones,—a drop of water adhering to
the end of the finger;—tears running down the cheeks, and
dew drops on the leaves of plants, are all examples of this law
of attraction. The manufacture of shot is also a striking il-
lustration. The lead is melted and poured into a sieve, at the
height of about two hundred feet from the ground. The
stream of lead immediately after leaving the siceve, separates
into round globules, which before they reach the ground, are
cooled and become solid, and thus are formed the shot used
by sportsmen. '

To account for the globular form in all these cases, we
have only to consider that the pasticles of matter ard mutually
attracted towards a common centrgand in liquids being free
to move, they arrange themselves accordingly. *

In all figures except the globe, or ball, some of the particles
must be nearer the centre than others. -But in a body that is
perfectly round, every part of the outside is exactly at the
same distance from the centre.

: Fig. 1. Thus the corners of a cube, or square, are

_ at much greater distances from the centre,
than the sides, while the circumference of
a circle or ball is every where at the same
distance from it. 'This difference isshown
by fig. 1, and it is quite obvious, that if the
particles of matter are equally attracted to-
N\ wards the common centre, and are free to

~~—" arrange themselves, no other figure could

In what substances is cohesive attraction the strongest? In what
substances is it weakest? Why are the particles of fluids more casily
separated than those of solids?
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possibly be formed, since then every part of the outside is
equally attracted.

The sun, earth, moon, and indeed all the heavenly bodies
are illustrations of this law, and therefore were probably in so
soft a state when first formed, as to allow their particles freely
to arrange themselves accordingly.

Attraction of gravilation. As the attraction of cohesion
unites the particles of matter into masses or bodies, so the
attraction of gravitationitends to force these masses towards
each other,to form those of still greater dimensions. The
term gravitation, does not here strictly refer to the weight of
bodies, but to the attraction of the masses of matter towards
each other, whether downwards, upwards, or horizontally.

The attraction of gravitation is mutual, since all bodies not
only attract other bodies, but are themselves attracted.

Fig- 2. T'wo cannon balls, when suspended by long cords,
- 80 as to hang quite near each other, are found to
exert a mutual attraction, so that neither of the
cords is exactly perpendicular, but they approach

each other, as in fig. 2.

In the same manner, the heavenly bodies,
when they approach each other, are drawn out of
the line of their paths, or orbits, by mutual at-
traction.

The force of attraction increasegin proportion
as bodies approachjeach other, and by the same
law it must diminish in proportion as they recede

" from each other. -
Attraction, in technical language, is inversely
o

as the squares of the distances between the two
bodies. That is, in proportion as the square of
the distance increases, in the same proportion attraction de-
creases, and so the contrary, fThus if at the distance of 2
feet, the attraction be equal to 4 pounds, at the distance of 4

What form do fluids take, when their particles are left to their own
arrangement? Give examples of this law. How is the globular form
which liquids assume, accounted for > If the particles of a body are
fre? to mnove, and are equally attracted towards the centre, what must
be its figure? Why must the figure be a globe ? What great natural
bodies are examples of this law 2 What is meant by attraction of gra-
vitation? Can one body attract another without being itself attracted ?
How is it proved that bodies attract each other? By what law, or rule,
does the force of attraction increase ?

[V
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AN
feet, it will be only 1 pound ;! for the square of 2 is 4, and the
square of 4 is 16, which is 4 times the square of 2. On the
contrary, if the attraction at the distance of 6 feet be 3 pounds,
at the distance of 2 feet it will be 9 times as much, or 27
pounds, because 36, the square of 6, is equal to 9 times 4,
the square of 2.

The intensity of light is found to increase and diminish in
the same proportion. \Thus, if a board a foot square, be pla-
ced at the distance of one foot from a candle, it will be found
to hide the light from another board of two feet square, at the .
distance of two feet from the candle. Now a board of two
feet square is just four times as large as one of one foot square,
and therefore the light at double the distance being spread
over 4 times the surface, has only one fourth the intensity.

- Fig. 3. ' This experiment
may be easily tried,
/ -+ or may be readily

understood by fig. 3,
where ¢ represents
the candle, A the

" small board, and B
the large one ; B being four times the size of A.

The force of the attraction of gravitation, is in proportion
to the quantity of matter the attracting body contains,

Some bodies of the sathe bulk contain a much greater quan- .
tity of matter than others ; thus a piece of lead contains about *!
twelve times as much matter as a piece of corl of the same
dimensions, and therefore a piece of lead of any given size,
and a piece of cork twelve times as large, will attract each
other equally. E R BT
=~ Capillary Attraction. 'The force by which skgall tubes, or
porous substances, raise liquids above their levels, is called
capillary attraction.

If a small glass tube be placed in water, the water on the
inside will be raised above the level of that on the outside of

Give an e¥ample of thisrule. How is it shown that the intgpsity of
light increases.and diminishes in 4ke same proportion as the xction
of matter? Do bodies attract, in proportion to bulk, or quantity of mat-
ter? What would be the difference ofattraction between a cubic inch
of lead, and a cubic inch of cork ? Why would there be so much dif-
ference ? W hat is meant by capillary attraction? How is this kind
of attraction illustrated with a glass tube?
|
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the tube.] The cause of this seems to be nothing more than
the ordinary attraction of the particles of matter for each other.’
The sides of a small orifice are so near each other, as to at-
tract the particles of the fluid on their opposite sides, and as
all attraction is strongest in the direction of the greatést
quantity of matter, the water is raised upwards, or in the di-
rection of the length of the tube. On the outside of the tube,
the opposite surfaces, it is obvious, cannot act on the same
column of water, and therefore the influence.of attraction is
here -hardly perceptible in raising the fluid. This seems to
be the reason why the fluid rises higher-on the inside than on
the outside of the tube.

A great variety of porous substances are capable of this kind
of attraction, If a piece of sponge, or a lump of sugar be
placed, so that its lowest corner touches the water, the fluid
will rise up and wet the whole mass. In the same manner,

. the wick of a lamp will carry up the oil to supply the flame,
“though the flame ia several inches above the level of the oil.
{f the end of a towel happens to be left in a basin of water, it

" Will empty the basin of its contents. And on the same princi-
ple, when a dry wedge of wood is driven into the crevice of a
rock, and afterwards moistened with water, as when the rain
falls upon it, jt will absorb the water, swell, and sometimes

- split the rock. In Germany, mill-stone quarries are worked
in this manner. :

" Chemical attraction takes place between the particles of
substances of different kinds,; and unites them into “bne com-
pound. o

- This species of attraction takes place only between the
particles of certain substances, and is not, therefore, a uni-
versal property. It is also known under the name of ichemical
affinity, because it ig said, that the particles of substances
"having an affinity between them, will unite, while those hav-
ing wo affinity for each other do not readily enter into union.

There seem, indeed, in this respect, to be very singular pre-
ferences, and dislikes, existing among the particles of matter.
Thus, if a piece of marble be thrown into.sulphuric acid,
their particles will-unite with great rapidity, and commetion,

Why does the-water rise higher in the tube, than it does on the out-
side? Give some common illustrations of this principle. W hat is the
effect of ehemical attraction ? By what other name is this kind of at-
traction known? What effect is produced when marble and sulphurie
acid are brought together ? : :
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and there results a compound,idiffering in all respects from
the acid or the marble. Bat if a piece of glass, quartz, gold,
or silver be thrown into the acid,no change, is produced on
either, because these particles have no affinity.:

Sulphur and quicksilver, when heated together, will form a
beautiful red compound, known under the name of wvermilion,
and which has none of the qualities of sulphur, or quicksilver.

Oil and water have no affinity for each other, but potash
has an attraction for both, and therefore oil and water will
unite, when potash is mixed with them., In this manner, the
well known article called $oap is formed. " But the potash has
a stronger attraction for an acid than it has for either the oil
or the water ; and therefore when soap is mixed with an acid,
the potash leaves the oil, and unites with the acid, thus de-
stroying the old compound, and at the same instant forming a
new one. The same happens when soap is dissolved in any
water containing an acid, as the water of the sea and of cer-
tain wells. The potash leaves the oil, and "unites with the
acid, thus leaving the oil to rise to the surface of the water.
Such waters are called hard, and will not wash, because the
acid renders the potash a neutral substance. ,

Magnetic Attraction. There is a certain ore of iron,. a
piece of which, being suspended by a thread, will always
turn one of its sides to the north. This, is called the load-
stone, or natural Magnet, and when it is lﬁongh’f near a piece
of iron, or steel, a mutual attraction takes place, and under
certain circumstances, the two bodies will come together and
adhere to each other. This is called Magnetic Attraction.
When a piece of steel or iron is rubbed with a Magnet, the
same virtue is commaunicated to the steel, and it will attract
other pieces of steel, and if suspended by a string, one of its
ends will constantly point towards the north, while the other
of course, points towards the south. This is called an artificial
Magnet. The magnetic needle is a piece of steel, first touvehed
with the loadstone, and then suspended, so as to turn easily,

What is the effect when glass and this acid are brought together ?
‘What is the reason of this difference ? How may oil and water be made
tounite? What is the composition thus formed called? How does an
acid destroy this compound? What is the reason that hard water will
not wash? What is a nataral magnet? What is meant by magnetic
attraction? Whatis an artificial magnet? Whatisa magnetic needle ?
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on a point. !By means of this.instrument, the mariner guides
bis ship through the pathless ocean.; See Magnetism.

Electrical Attraction. ‘When a piece of glass, or sealing
wax is rubbed with the dry hand, er a piece of cloth, and then
held towards any light substance, such as a hair, or thread,
the light body will be attracted by it, and will adhere for a
moment to the glass or wax.’, The influence which thus
moves the light body is called Electrical Attraction. When
the light body has adhered to the surface of the glass for a
moment, it is again thrown off, or repelled, and this is called
Electrical Repulsion. See Electricity.

We have thus described and illustrated all the universal, or
inherent properties of bodies, and have also noticed the
several kinds of attraction which are peculiar,namely, Chem-
ical, Magnetic, and Electrical. There are still several
properties’ to be mentianed.. Some of them belong to certain
bodies in a peculiar degree, while ather bodies possess them
but slightly. Others belong exclusively to certain substances,
and not at all to others. These properties are as follows.

Density. {This property relates to the compactness of
bodies, or the number of particles which a body contains
witbip a given bulk., It 15 closeness of texture. Bodies
which are most dense, are those which contain the least
number of . pores.; Hence the density of the metals is much
greater than the density of wood. Two bodies being of equal
bulk, that which weighs most, is most dense, Some of the
metals may have this quality increased’by hammering, by
which their pores are filled up and their particles are brought
nearer to each other. The density of air is increased by
forcing more into a close vessel than it naturally contained.

Rarity, Thisis the quality opposite to density, and means
that the substance to which it is applied is porous, and light.
Thus air, water, and ether, are rare substances, while gold,
lead, nd platina are dense bodies.

- Hardness. This property is not in proportion, as ‘might
be expected, to the density of the substance, but to the force
with which the particles of a body cohere, or keep their

‘What is itsuse ? What is meant by electrical attraction? What
is electrical repulsion ? What is density® What bodies are most
dense ? How may this quality be increased in the metals? What g,

_rarity 7 'What are rare bodies ? What-are dense bodies ? Haow does
hardneas differ from density ?
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places Glass, for mstance will scratch gold or platma,
though thesy metals are much more dense than glass. It is
probable, therefore,«that these metals contain the greatest
number of partlcles\ "but that those of the glass are more
firmly fixed in their places. ;

Some of the metals car be made hard or soft at pleasure.
Thus@teel when heated, and then suddenly cooled, becomes
harder than glass, while if allowed to cool alowly, it is soft
and flexible.

Elasticily is that property in bodies by which, after being
forcibly compressed or bent, they regain tbenr ongmal state
when the force is removed.

Some substances are highly elastic, winle others want this
property entirely. ; The separation of two bodies after impact,
or striking together‘,' is a proof that one or both are elastic,'
In general, most hard and dense bodies, possess this quality
in greater or less degree. Ivory, glass, marble, flint, and ice
are elastic solids.” An ivory ball, dropped upon a marble .
slab, will bound nearly to the height from which it fell, and
no mark will be left on either. India rubber is exceedingly .

“elastic, and on being thrown forcibly against 2 hard body,
will bound to an amazing distance.

Putty, dough, and wBt clay; are examples of the entire
want of elasticity, and if either of these be thrown against
an impediment, they will be flattened, stick to the place they
touch, and never, like elastic bodies, regain their former
shapes.

Among fluids, water, oil, and in general all such substan-
ces as are denominated hqmds, are nearly inelastic, while air,
and the gaseous fluids,‘are the most elastic of all bodies.

Brittleness is the’ property which renders substances easily
broken, or separated into irregular fragments This property
be]ongs chiefly to hard bodies.

It does not appear that brittleness is entirely - opposed to
elasticity, since in many substances both these properties are’
united. Glass is the standard, or type of brittleness, and yet

Why will glass scratch gold or platina ?  What metal can be made
hard or soft at pleasure ?  What is meant by elasticity ? How is it
known that bodies poss¢@8 this property ? ‘Mention several elastic
solids. Give examples of inelasiic solids. Do liquids possess this
property? What are the most elastic of all snbstances? What is
brittleness ? Are brittleness and elasticity ever found in the same
substauce ? Give examples,
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may be seen by the bounding of the one, and the springing
of the other. Brittleness often resuits from the treatment to
which substances. are submitted. Iron, steel, brass, and
copper, become brittle when heated and suddenly cooled, but
if cooled slowly, they are not easily broken.

Malleability. Capability of §being drawn under the ham-
mer, or rolling press. This property belongs to some of the
metals, but not to all, and is of vast importance to the arts
and conveniences of life.

The Malleable metals are, gold, silver, iron, copper and
some others. Antimony, bismuth, and cobalt are brittle
metals. Brittleness is therefore the opposite of malleability.

Gold is the most malleable of all substances. .It may be
drawn under the hammer so thin that light may be seen
through it. Copper and silyer are also exceedingly malle-
able.

Ductility, is that property in substances which renders
them susceptible of being drawn into wire.

We should expect that the most malleable metals would
also be the most ductile ; but experiment proves that this is‘~
not the case. Thus tin and lead may be drawn into thin
leaves, but cannot be drawn into #mall wire. Gold is the
most malleable of all the metals, but platina is the most duc-

.. tile. Dr. Wollaston drew platina into threads not much
larger than a spider’s web,

-/ _Tenacity, in common language called foughness, refers to

/ the foree of cohesion among the particles of bodies. Tena-

" cious bodies are not easily pulled apart. There is a remark-
able difference in the tenacity of different substances. Some
possess this property in a surprising degree, while others are
torn asunder by the smallest force.

Among the malleable metals, iron and steel are the most
tenacious, while lead is the least so. Steel is by far the most

"tenacious of all known substances. A wire of this metal
no larger than the hundredth part of an inch in diameter
sustained a weight of 134 pounds, while a wire of platina of

How are iron, steel and brass, made brittle? What does malleability
mean? W hat metals are malleable, and what ones arc brittle > Which
is the most malleable metal? What is meant by ductility? Are the
most malleable metals, the most ductile? What is meant by tenacity ?
From ,wbat does this property arise? What metals are most tena-
cions ?
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‘the same size, would 'sustain a weight of only 16 pounds, and
one of lead only 2 pounds. Steel wire will sustain 39,000
feet of its own length without breaking,

Recapitulation. The cominon, or essential properties of
bodies are impénetrability, extemsion, figure, divisibility,
inertia, and attraction. Attraction js of several kinds,
namely, attraction of cohesion, attraction of gravitation, ca-
pillary attraction, chemical attraction, magnetic attraction,
and electrical attraction. -

The peculiar properties of bodies are density, rarity, hard-
ness, elasticity, brittleness, malleability, ductility and tena-
city.

Force of Gravity.

The force by which bodies are drawn towards each other
in the mass, and by which they descend towards the earth
when let fall from a height, is called the force of gravity.

" The attraction which the earth exerts on all bodies near its
surface, is called terrestrial gravity, and the force with which
any substange is drawn downwards, is called its weight.

All falling bodies tend towards the centre of the earth, in a
straicht line from the point where they are let fal. If then a
body be let fall in any part of the world, the line of its direc-
tion will be perpendicular to the earth’s surface. It follows,
therefore, that two falling bodies, on opposite parts of the
earth, matually fall towards each other.

Suppose a cannon ball to be disengaged from a height op-
.posite to us, on the other side of the earth, its motion in respect
to uws, would be upward, while the downward motion-from
where we stand, would be upward in respect to those w
stand opposite to us, on the other side of the earth.

In like manner, if the falling body be a quarter, instead of
half the distance roynd the earth from us, its line of direction
would be directly across, or at right angles with the line al-
ready supposed.

What proportion does the tenacity of steel bear to that of platina
and lead ? bat are the essential properties of bodies? How many
kinds of attraction are there ? What are the peculiar properties of
bodies ? What is gravity ? What is terrestrial gravity? To what
point in the earth do falling bodies tend? In what direction will two.
falling bodies from opposite parts of the earth temd, in respect to each
other? In what direction will one from half way between them meet
their line ? . )
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Fig. 4. . This will be readily under-

TEy _stood by fig, 4, where the

“  circle is suppdeed to be the

“diameter of the earth, a, the

ball falling towards its upper

surface, where we stand; b,

a ball falling towards the op-

posite side of the earth,

a but ascending in respect to

us, and d, a ball descend-

ing at the distance of a quar-

ter of the circle, from the oth-

er twd,"¥hd crossing the line

-of tlieir direction- at right an-

’ ghs. TN

b it will be obvious, there-

: ) fore, that what we tall up and

down are merely relative terms, and that whagje down in re-
spect to us, is up in respect to those who live on 4se opppsite |

side of the earth, and so the contrary. Condequently dpmn,

every where means towards the centre of the earth, and

up from the centre of the earth; because afl bodiesde-

scend towards the earth’s centre, from wh part thgytare

let fall. This will be apparent, when we ¢ , that as the

earth turns over every 24 hours, we are carrie h 1t through

the points a, d, and b, fig. 4 ; and therefore, if a ball is sup-

posed to fall from the point a, say at 12 o’clock, and the same

ball to fall agaip from the same point on the earth, at 6 o’clock,

the two linesofidirection wAll be at right angles, as represented

in the figure, for that part of the earth whiclf was at a at 12

o'clock, will be at d at 6 o’clock, the earth haviog in that

time performed one quarter of its daily revolution. At 12

o’clock at night, if the ball be supposed to fall again, its line

of direction will be atright angley with that of its last descent,

and consequently it will ascend in respect to the point from

whence it fell 12 hours before, because the earth would have

How is this shown by the figure ? Are the terms up and down rela-
tive, or positive, in their meaning? What is understood by down in
any part of the earth? _Suppose a ball be let fall at 12 and then at 6
o’clock, in what direction would the lines of their descent meet each
other? Suppose two balls to descend from opposite sides of the earth,
what would be their direction in respect to each other?

*
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then gone through one half her daily circle, and the point @
would be at b.

The velocity, or rapidity of every falling body, iﬁniformly
accelerated, or increased in its approach towards the earth,
from whatever height it falls:

If a rock is rolled from a Qteep mountain, its motion is at
first slow and gentle, but as it proceeds downward, it moves
with perpetually increased velocity, seeming to gather fresh
speed every moment, until its force is such that every obstacle
is overcome ; trees and rocks are beat from its path, and its
motion does not cease until-it has rolled to a great distance on
the plain.

The same principl&of increased velocity as bodies descend
from a height, is curiously illustrated by pouring molasses or
thick syrup from an elevation to the ground. The bulky
stream, of perhaps two inches in diameter, where it leaves the
vessel, as it descends, is reduced to the size of a straw, or
knitting needle; but what it wants in bulk is made up in ve-
locity, for the small stream at the ground, will fill a vessel
just as'soon as ¢he large one at the outlet.

For the same reason, a man may leap from a chair without
danger, but if he jumps from the house top, his velocity be-
comes so much ingreased, before he reaches the ground, as
to endanggr his life by the blow.

It is found by experiment, that the motion of a falling body
is increased, or- accelerated in regular mathematical propor-
tions,

These increased proportions do not depend on the increased
weight of the body, because it approaches nearer the centre of
the earth, but on the constant operation of the force of gravity,
which perpetually gives new impulses to the falling body, and
increases its velocity.

It has been ascertained by experiment, that a body, falling
freely, and without resistance, passes through a space of 16
feet and 1 inch during the first second of time.. Leaving out
the inch, which is not necessary for our present purpose, the
ratio of descent is as follows.

Suppose the body falls through a space equal to 16 feet the

What is said concerning the motions of falling bodies? How is this
increased velocity illustrated? W hy is thére-any more danger in jump-
ing from the house-top than from a chair? 'What number of feet does
a falling body pass through during the first second ?
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first second of time ; at the end of this space and time, it will
have acquired such a degree of celerity as is sufficient to carry
it through twice this space during the next second, though it
should then rzceive no new impulse from the cause by which
its motion had been accelerated ; but if the same accelerating
cause continue, it will carry the body.16 feet further ; on
which account, it will have fallen four times 16 feet, or (64
feet at the end of the second second; and then it will have
acquired such a degree of celerity as is sufficient to carry it
through a double space in as much more time ; .that is 8 times
16 feet in two seconds more, even though the force of gravity,
or the accelerating force should cease to'act. But this force
still continuing to act in a uniform manner, it will again in
equal time produce an equal effect, and will therefore add 16
feet to the velocity already acquired, at the end of the second
second, which being 64 feet, it will fall 80 feet, or five times
-as far the third second, as it did the first. In three seconds,
the velocity acquired will be 3 times that acquired at the end
of the first second, which being twice 16 feet, is equal to 6
times 16 feet, to which, again, is to be added the accelerating
force 16 feet, making 7 times 16 feet for the space passed
through during the fourth second.

Hence we leard that if a body moves at the rate of 16 feet
during the first second, it will move 48 feet during the next
second, making in all 64 feet at the end of the second second,
5 times 16 during the third, or 80 feet, and 7 times 16, or 112
feet in the 4th second, and so on in this proportion.

Thus it appears, that to ascertain the velocity with which a
body falls at any given time, we must know how many feet it
fell during the first second. The velocity acquired in one
second, and the space fallen through during that time being
the fundamental elements of the whole calculation, and all
that are necessary for the computation of the various circum-
stances of falling bodies.

The difficulty of calculating exactly the velocity of a falling
body from an actual measurement of its height, and the time

How far does it fall during the next second? How far during the
third? Suppose the accelerating force should cease at the beginning of
the third second ; how far would it fall during thatsecond? Why does
it fall more than this during that second? How many times 16 feet
does a body move in the 4th second? What are the fundamental ele-
ments by which the velocity of a falling body may be computed ?
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which it takes to reach the ground, is so great, that no accurate

computation could be made from such an experiment.
This difficulty has, however, been overcome by a curious
plece of machinery, invented for this purpose by Mr. Atwood.
Fig. 5. This machine consists of two

upright posts of wood, fig. 5, with

//A\c cross pieces, as shewn in the fig-
ure. The weights 4 and B, are

of the same size, and made to ba-

\\l/ lance each other very exactly, and
are connected by the thread

~ which passes over the wheel C.
F'is a ring through which the
weight A passes,and G'is a stage
on which the weight rests in its
descent. The ring and stage
4 x| both slide up and down, and are
F e fixed at pleasure by thumb screws.
The post H, I,is a graduated

scale, and the pendulum K, is
kept in motion by clock-work.-
L, is a small bar of metal, weigh-

ing a-quarter of an ounce, and
¢ d'] longer than the diameter of the
B

(JIITTITTTITT

ring F.
When the machine is to be
L used, the weight is drawn up to
I the top of the scale, and the ring
and stage are placed a certain
N J number of inches from each other.
_ The small bar L, is then_placed

1 across the weight 4, by means of
which it is made slowly to descend. When it has descended
to the ring, the small weight L, is taken off by the ring, and
thus the two weights are left equal to each other. Now it
must be observed, that the motion, and descent of the weight
A is entirely owing to the gravitating force of the weight L,
until it arrives at the ring F', when the action of gravity is sus-
pended, and the large weight continues to move downwards

Is the velocity of a falling body calculated from actual measurement'
or by & machine? Describe the operation of Mr. Atwood’s machine
for estimating the velocities of falling bodies.
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to the stage, in consequence of the velocity it had acquired
previously to that time.

Ta comprehend the accuracy of this machine, it must be
understood that the velocities of gravitating bodies are sup-
posed to be equal, whether they are large or small, this being
the case-when no calculation is made for the resistance of the
air. Consequently, the weight of a quarter of an ounce placed,
on the large weight A, is a representative of all other solid
descending bodies. The slowness of its descent, when com-
pared with freely gravitating bodies, is only a convenience by
which its motion can be accurately measured, for it is the
increase of velocity which the machine is designed to ascertain,
and not the actual velocity of falling bodies. :

Now it will be readily comprehended, that in this respect,
it makes no difference how slowly a body falls, provided it
Jollows the same laws as other descending bodies, and it has
already been stated, that all estimates on this subject are made
from the known distance a body déscends during the first
second of time. L '

It follows, therefore, that if it can be ascertained, exactly
how much faster a body falls during the third, fourth, or fifth
second, than it did during the first second, by knowing
how far it fell during the first second, we should be able to
estimate the distance it would fall during all succeeding
seconds. : -

If, then, by means of a pendulum beating seconds, the
weight A should be found to descend a certain number of
inches during the first second, and another certain number
during the next second, and so on, the ratio of increased de-
. scent would be precisely ascertained, and could be easily ap-

plied to the falling of other bodies ; and this is the use to which
this instrument is applied. -

By this machine, it can also be ascertained, how much the
actual velocity of a falling body depends on the force of gravity,
and how much on acquired velocity, for the force of gravity
gives motion to the descending weight only until it arrives to

After the small weight is taken off by the ring, why does the large
weight continue to descend? Does this machine shew the actual velo-
city of a falling body, or only its increase? How does Mr. Atwood’s
machine show, how much the celerity of a body depends upon gravity,
and how much on acquired velocity ?* )
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the ring, after which the. motion is continued by the velocity it
had before acquired.

From experiments accurately made with this machine, it has
been fully established, that if the time of a falling body be di-
vided into equal parts, say into seconds, the spaces through
which it falls in each second, taken separately, will be as the
odd numbers 1, 3, 5, 7, 9, and so on, as already stated. ‘To
make this plain, suppose the times occupied by the falling body
to be 1, 2, 3, and 4 seconds; then the spaces fallen through
will be as the squares of these seconds, or times, viz. 1,4, 9,
and 16, the square of 1 being 1, the square of 2 being 4, the
square of 3, 9, andsoon. The distance fallen through, there-
fore, during the second second, may be found, by taking 1,
the distance corresponding to one second, from 4, the distance
corresponding to 2 seconds, and is therefore 3. For the
3d second, take 4 from 9, and therefore the distance will be
5. For the fourth second, take 9 from 16, and the distance
will be 7, and so on. During the first second, then, the body
falls a certain distance, during the next second, it falls three
times that distance, during the third, five times that distance,
during the fourth, seven times that distance, and so continu-
ally in that proportion. ;

1t will be readily conceived, that solid bodies falling from
great heights, must ultimately acquire an’ amazing velocity
by this proportion of increase, An ounce ball of lead, let
fall from a certain height towards the earth, would thus
acquire a force ten or twenty times as great as when shot
out of a rifle. . By actual calculation, it has been found that
were the moon to lose her projectile force, which counter-,
balances the earth’s attraction, she would fall to the earth
in four days and twenty hours, a distance of 240,000 miles.
And were the earth’s projectile force destroyed, it would fall
to the sun in sixty-four days and ten hours, a distance of

95,000,000 of miles.
- Every one knows by his own experience the differeng

Suppose the times of a falling body are as the numbers 1, 2, 3,4, what
will be the numbers representing the spaces through which it falls?
Suppose a body falls 16 feet the first second, how far will it fall the
‘third second? Would it be possible for a rifle ball to acquire a greater
force by falling, than if shot from a rifie? How long would it take the
Moon to come to the earth, according to the law of increased velocity ?
How long would it take the earth to fall to the sun?
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effects of the same body falling from a great or a small
height. A boy will toss up his leaden bullet and catch it
with his hand, but he soon learns by its painful effects, not to
throw it too high. The effects of hail-stones on window
glass, animals, and vegetation, are often surprising, and
sometimes calamitous illustrations of the velocity of falling
bodies. : :

It has been already stated that the velocities of solid bodies
falling from a given height, towards the earth are equal, or
in other words, that aa ounce ball of lead will descend in the
same time as a pound ball of lead.

This is true in theory, but there is a slight difference in
this respect in favor of the velocity of the larger body, owing
to the resistance of the atmosphere. We, however, shall at
present consider all solids of whatever size, as descending
through the same spaces in the same times, this being exactly
true when they pass without resistance.

To comprehend the reasdn of this, we have only to con-
sider, that the attraction of gravitation in acting on a mass
of matter acts on every particle it contains. This being
true, every particle is drawn down equally and with the same
force. The effect of gravity therefore, is in exact proportion
to the quantity of matter the mass contains, and not in propor-
tion to its bulk. A ball of lead of a foot in diameter, and
one of wood of the same diameter are obviously of the same
balk; but the lead will contain twelve particles of matter
where the wood contains one, and consequently will be
attracted with twelve times the force, and therefore will
weigh twelve times as much. )

If then, -bodies attract each other in proportion to the
quantities of matter they contain, it follows that if the mass
of the earth were doubled, the weights of all bodies on its
surface would also be doubled ; and if its quantity of matter
were tripled, all bodies would weigh three times as much as
they do at present.

It follows also, that two attracting bodies, when free to
move, must approach each other mutually. If the two bodies

‘What familiar illustrations are given of the force acquired by the ve-
locity of falling bodies? Will a small and a large body fall through
the same space in the same time? On what parts of a mass of matter
does the force of gravity act? Is the effect of gravity in proportion to
bulk, or quantity of matter? Were the mass of earth doubled,
how much more should we weigh than we do now ?
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contain like quantities of matter, their approach will be
equally rapid, and they will move equal distances towards
each other. But if the one be small and the other large, the
small one will approach the other with a rapidity proportioned
to the less quantity of matter it contains.

It is easy to conceive, that if a man in one boat pulls at a
rope attached to another boat, the two boats, if of the same
size, will move towards each other at the same rate 5 but if
the one be large and the other small, the rapidity with which
each moves will be in proportion to its size, the large one
moving with as much less velocity as its size is greater.

A man in a boat pulling a rope attached to a ship, seems
only to move the boat, but that he really moves the ship will

- be obviuos when it is considered, that a thousand boats pulling
in the same manner would make the ship meet them balf
way. :

. It appears, therefore, that the same force acting on bodies

containing different quantities of matter, moves them with
different velocities, and that these velocities are iz inverse
proportion to their quantities of matter.

In respect to the same force, it is obvious that in the case
of the ship and single boat, they were moved towards each
other by the same force, that is, the force of a man pulling by
arope. The same principle holds in respect to attraction,
for all bodies attract each other equally, according to the
_ quantities of matter they contain, and since all attraction is
* mutual, no body attracts another with a greater force than
that by which it is attracted.

Suppose a body to be placed at a distance from the earth
weighing two hundred pounds ; the earth would then attract
the body with a force equal to one hundred pounds, and the
body would attract the earth with an equal force, otherwise
their attraction would not be equal and mutual. Another body
- weighing 10 pounds, would be attracted with a force equal
to 5 pounds, and so of all bodies according to the quantity of

Suppose one body moving towards another, three times as large, by
the force of gravity, what would be their proportional velocities? How
is this illustrated? Does a large body attract a small one with any
- more force than it isattracted ? Suppose a body weighing 200 pounds
to be placed at a distance from the earth, with how much force docs
the earth attract the body > With what farce does the body attract the

earth?
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matter they contain ; each body being attracted by the earth
with a force equal to half its weight, and attracting the earth
with a force equal to the other half.

If the man in the boat pulled the rope with the force of
100 pounds, it is plain that the force on each vessel would
be 50 pounds ; for suppose each end of the rope to be thrown
over a pulley, and a weight of 50 pounds attached to these~
ends, it would take just 100 poundsin the middle of the rope
to balance them. )

It is plain from these principles, that all attracting bodies
which are free to move, mutually approach each other, and
therefore that the earth moves towards every body which is
. raised from its surface, with a velocity and to a distance pro-
portional to the quantity of matter thus elevated from its
surface. But the velocity of the earth being as many times
less than that of the falling body as its mass is greater, it
follows that its motion is not perceptible to us.

The following calculation will shew how immense a mass
of matter it would take, to disturb the earth’s gravity in a
perceptible manner.

If a bulk of earth equal in diameter to the tenth part of a
mile, were placed at the distance of the tenth part of a mile
from the earth’s surface, the attracting powers of the two
bodies would be in the ratio of about 512 millions of millions
to one. For the earth’s diameter being about 8000 miles,
the two bodies would bear to each other about this proportion.
Consequently if the tenth partof a mile were divided into
512 million of millions of equal parts, one of these parts
would be nearly the space through which the earth would
move towards the falling body. Now in the tenth part of a
mile there are about 6400 inches, consequently this number
must be divided into 512 millions of millions of parts, which
would give the eighty thousand millionth part of an inch
through which the earth would move to meet a body of the
tenth part of a mile in diameter.

Suppose a man in one boat, pulls with the force of 100 pounds at a
rope fastened to another boat, what would be the force on each boat ?
How is this illustrated? Suppose the body falls towards the earth,
is the earth set in motion by its attraction? Why is not the earth’s
motion towards it perceptible? What distance would a body, the tenth
part of a mile in diameter, placed at the distance of a tenth part of a
mile, attract the earth towards it? :

4



34 : PROPERTIES OF BODIES.

Ascent of Bodies.

Having now explained and illustrated the influence of
gravity on bodies moving downward and horizontally, it
remains to show how matter is influenced by the same power
when bodies are moving upward, or contrary to the force of

ravity.

What has been stated in respect to the velocity of falling
bodies is exactly reversed in respect to those which are

Fig. 6. thrown upwards, for as the motion of a falling body
is increased by the action of gravity, so is it re-
tarded by the same force, when thrown upwards.

. A bullet shot upwards, every instant -loses a part

C of its velocity, until having arrived at the highest point,
it there rests an instant, and then returns again to the
earth.

The same law that governs a descending body, gov-
erns an ascending one, only that their motions are re-
versed. .

The same ratio is observed to whatever distance the
ball is propelled, for as the-height to which it is thrown
bl] depends on the space it passes through during the
first second, so its returning velocity isin a like ratio
to the height to which it was sent.

This will be understood by fig. 6. Suppose a
ball to be propelled from the point a, with a force
which would carry it to the point b in the first second,
to ¢ in the next, and tod in the third second. It
would then remain nearly stationary for an instant, and
in returning, would fall through exactly the same
spaces in the same times, only that they would be
reversed. Thus it will fall fromd to ¢, in the first
second, to b in the next, and to a in the third.

Now the force of a moving body is as its velocity
and its quantity of matter, and hence the same ball
will fall with exactly the same force that it rises. For
instance, a ball shot out of a rifle, with a force suffi-
cient to overcome a certain impediment, if returning
without resistance, it would again overcome the same
ol impediment.

What effect does the force of gravity have on bodies moving upward ?

Are upward and downward motion governed by the same laws? Ex-

lain fig. 6. What is the difference between the upward and return.
ing velocity of the same body 2
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) Fall of Light Bodies.”

1t has been stated that the earth’s attraction acts equally
on all bodies containing equal quantities of matter, and that
all solid bodies, whether large or small, descend from the same
heights in the same times. ,

There is however, a great difference in the quantities of
matter which bodies of the same bulk contain, and conse-
quently a difference, in the resistance which they meet with
in passing through the air.

Now the fall of a body containing a large quantity of matter
in asmall bulk, meets with little comparative resistance, while
the fall of another, containing the same quantity of matter,
but of larger size, meets with more in comparison, for it is
easy to see that two bodies of the same size meet with
exactly the same actyal resistance. Thus, if we let fall a
ball of lead and another of cork, of two inches in diameter
each, the lead will reach’the ground before the cork, because,
though meeting with the same resistance, the lead has the
greaicst power of overcoming it.

This however does not effect the truth of the general law
already established, that the weights of bodies are as the
quantities of matter they contain. It only shews that the
pressure of the atmosphere, prevents light and porous sub-
stances from falling with the same velocity with such as are
compact or dense. i

Were the atmosphere removed, all bodies, whether light or
heavy, large or small, would descend with the same velocity.
This fact has been ascertained by experiment in the following
manner.

The air pump is an instrument, by means of which the
air can be pumped out of a close vessel, as will be seen
under the article Pneumatics. 'Taking this for granted at
present, the experiment is made in the following manner.

Why will not a sack of feathers and a stone of the same size fall
through the air in the same time? Does this affect the truth of the
general law that the weights of bodies are as their quantities of matter ?
What would be the effect on the fall of light and heavy bodies, were
the atmosphere removed ?
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c On the plate of the air pump A place
the tall jar B, which is open at the bottom,
and has a brass cover fitted closely to the
top. Through the cover let a wire pass air
tight, having a small cross at the lower end.
On each side of this cross, place a little
stage, and so contrive them that by turning
the wire by the handle C, these stages shall be
upset. On one of the stages place a guinea
‘ ® |p or any other heavy body, and on the other

place a feather. When this is arranged,
let-the air be exhausted from the jar by the
pump, and then turn the handle C, so that
the guinea and feather may fall from their
places, and it will be found that they will
both strike the plate at the same instant.
Thus is it demonstrated, that were it not
for the resistance of the atmosphere, a bag
of feathers and one of guineas would fall

® from a given height with the same velocity
~ - J)and in the same time.

" Motion.

Motion may be defined, a continued change of situation
with regard to a fixed point. :

Without motion there would be no rising or sitting of the
sun—no change of seasons—no fall of rain—no building of
houses, and finally no animal life. Nothing can be done
without motion, and therefore without it, the whole universe
would be at rest and dead.

In the language of philosophy, the power which puts a body
in motion, is called force. Thus it is the force of gravity
that overcomes the inertia of bodies, and draws them towards
the earth. - The force of water and steam gives motion to
machinery, &ec. -

For the sake of convenience, and accuracy in the applica-
tion of terms, motion is divided into two kinds, viz. absolute,
and relative.

How is it proved that a feather and a guigea will fall through equal
spaces in the same time, where there is no resistance? How will you
define motien> What would be the consequence, were all motion to
cease ? What is that power called which puts a body in motion? How
is motion divided ?
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Absolute motion is a change of place with regard to a fixed
point, and is estimated without reference to the motion of any
other body. When a man rides along the street, or when a
vessel sails through the water, they are both in absolute
motion.

Relative motion, is a change of place in a body, with re-
spect to another body, also in motion, and is estimated from
that other body, exactly as absolute motion is, from a fixed
point. :

The absolute velocity of the earth in its orbit from west to
east, is 68,000 miles in an hour; that of Mars, in the same
direction, is 55,000 miles per hour. ‘The earth’s relative velo-
city in this case, is 13,000 miles per hour from west to east.
That of Mars comparatively, is 13,000 miles from east to west,
because the earth leaves Mars that distance behind her, as
she would leave a fixed point.

Rest, in the comnion meaning of the term, is the opposite
of motion, but it is obvious, that rest is often a relative term,
since an object may be perfectly at rest with respect to some
things, and in rapid motion in respect to others. Thusa
man sitting on the deck of a steam-boat, may move at the rate
of fifteen miles an hour, with respect to the land, and still be
at rest with respect to the boat. And so, if another man was
running on the deck of the same boat at the rate of fifteen
miles the hour in a contrary direction, he will be stationary
in respect to a fixed point, and still be running with all his
might, with respect to the boat.

L Velocity of Motion.

Velocity is the rate of motion at which a body moves from
one place to another.

Velocity is independent of the weight or magnitude of the
moving body. Thus a cannon ball and a musket ball, both
flying at the rate of a thousand.feet in a second, have the same
velocities.

Velocity is said to be uniform, when the moving body passes
over equal spaces in equal times. If a steam-boat moves at
the rate of 10 miles every hour, her velocity is uniform. The
" revolution of the earth from west to eastis & perpetual example
of uniform motion. .

What is absolute motion? What is relative motion? What is the
earth’s relative velocity in respect to Mars? In what respect is a man
in a steam boat at rest, and in what respect does he move? What is
velocity 2 'When is velocity uniform?

4*
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Velocity is accelerated, when the rate of motion is constantly
increased ; and. it passes through unequal spaces in equal -
times. Thus when a falling body moves sixteen feet during
the first second, and forty-eight feet during the next second,
and so on, its velocity is accelerated. A body falling from a
height freely through the air, is the most perfect example of
this kind of velocity. ‘

Retarded velocity is when the rate of motion of the body is
constantly decreased, and it is made to move slower and slow-
er. A ball thrown upwards into the air, has its velocity con-
stantly retarded by the attragtion of gravitation, and conses
quently, it moves slower every moment. -

Force, or Momentum of Moving Bodies.

The velocities of bodies are equal, when they pass over
equal spaces in the same time ; but the force with which two
bodies, moving at the same rate, overcome impediments, is in
proportion to the quantity of matter they contain. This pow-
er, or force, is called the momentum of the moving body.

Thus, if two bodies of the same weight move with the same
velocity, their momenta will be equal.

Two vessels, each of a hundred tons, sailing at the rate of
six miles an hour, would overcome the same impediments, or
be stopped by the sme obstructions. Their momenta would
therefore be the same.

The force, or momentum of a moving body, is in proportion
to its quantity of matter, and its velocity.

A large body moving slowly, has less momentum than a
small one moving rapidly. Thus a bullet, shot out of a gun,
does much greater mischief than a stone thrown by the hand.
The momentum of a body is found by multiplying its quantity
of matter by its velocity. :

T'hus, if the velocity be 2, and the weight 2, the momentum
will be 4. If the velocity be 6 and the weight of the body
4, the momentum will be 24,

If a moving body strikes an impediment, the force with
which it strikes, and the resistance of the impediment are
equal. Thus if a boy throw his ball against the side of the

When is velocity accelerated ? Give illustrations of these two kinds
of velocity. What is meant by retarded velocity ? Give an example
of retarded velocity. What is meant by the momentum of a body ?
When will the momenta of two bodies be equal? Give an example.
When has a small body more momentum than a large one? By what
rule is the momentum of a body found ? i
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house, with the force of 3, the house resists it with the same
force, and the ball rebounds. If he throws it against a pane
of glass with the same force, the glass having only the power
of 2 to resist, the ball will go through the glass, still retaining
one third of its force. .

From observations made on the effects of bodies striking
each other, it is found that action and re-action are equal ; or,
in other words, that force and resistance are equal. Thus,
when a moving body strikes one that. is at rest, the body at
rest returns the blow with equal force.

This is illustrated by the well known fact, that if two per-
sons strike their heads together, one being in motion, and the
-othier still, they are both equally hurt.

The philosophy of action and re-action is finely illustrated
by a number of ivory balls, suspended by threads, as in fig.

Fig. 10. 10, 50 as to touch each other. If
e the ball a be dtawn from the per-
pendigular, and then let fall, so
as to strike the one next toit, the
motion of the falling ball will be
communicated through the whole
row, from one to the other. None
of the balls, except f, will, how-
ever, appear to move.- This will
be understood, when we consider
that the re-action of b, is_ just
equal to the action of a, and that
each of the other balls, in like
manner, acts, and re-acts on the '
other, until the motion of a arrives
at f, which, having no impedi-
ment, or nothing to act upon, is itself put in motion. It is,
therefore, re-action, which causes all the balls, except f, to
remain at rest. -

It is by a modification of the same principle, that rockets.
are impelled through the air. The stream of expanded air, 6r
the fire which is emitted from the lower end of the rocket,
pushes against the atmospheric air, which, re-acting against
the air so expanded, sends the rocket along.

0000
ed b

a

When a moving body strikes an impediment, which receives the
greatest shock 2 What is the law of action and re-action? How is
this illustrated? When one of the ivory balls strikes the other, why
does the most distant one only move? On what principle are rockets
impelled through the air?
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It was on account of not understanding the principle of action
and re-action, that the man undertook to make a fair wind for
his pleasure boat, to be used whenever he wished to sail. He
fixed an immense bellows in the stern of his boat, not doubt-
ing but the wind from it would carry him along. But on
making the experiment, he found that his boat went back-
wards, instead of forwards. The reason is plain. The re-
action of the atmosphere on the stream of wind from the bel-
lows, before it reached the sail, moved the boat in a contrary
direction. Had the sails received the whole force of the wind
from the bellows, the boat would not have moved at all, for
then, action and re-action would have been exactly equal, and
it would have been like a man’s attempting to raise himself
over a fence by the straps of his bdots. .

Reflected Motion.

It has been stated that all bodies when once set in motion,
would continue to move straight forward, until some impedi-
ment, acting in a contrary direction, should bring them to
rest ; this motion being a consequence of the inertia of
matter.

Such bodies are supposed to be acted upon by a single
force, and that in the direction of the line in which theymove.
Thus, a ball sent out of a gun, or struck by a bat, turns neither
to the right, nor left, but makes a curve towards the earth, in
consequence of another force, which is the attraction of gra-
vitation, and by which it is finally brought to the ground.

The kind of motion now to be considered, is that in which
bodies move, when turned out of a straight line by some
force independent of gravity.

A single force, or impulse, sends the body directly forward,
but another force, not exactly coinciding with this, will give
it a new direction, and bend it out of its former course.

If, for instance, two moving bodies strike each other ob-
liquely, they will both be thrown out of the line of their for-
mer direction. This is called reflected motion, because it
observes the same laws as reflected light.

In the experiment with the boat and bellows, why did the boat move
Lackwards? Why would it net have moved at all, had the sail received
all the wind from the bellows? Suppose a body is acted on, and set in
motion by a singlé force, in what direction will it move? What is the
f1310tion called; when 'a body is tarned out of a straight line by another

orce ?

N
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The bounding of a ball ; the skipping of a stone over the
smooth surface of a pond; and the oblique direction of an
apple, when it touches a limb in its fall, are examples of re-
flected motion. :

By experiments on this kind of motion, it is found, that
moving bodies observe certain laws, in respect to the direc~
tion they take in rebounding from any impediment they hap-
pen to strike. Thus, a ball, striking on the floor, or wall of
a room, makes the same angle in leaving the point where
it strikes, that it does in approaching it.

Fig. 11 " Suppose a, b, fig. 11,

to be a marble slab, or

cfloor, and ¢ to be an

ivory ball, which has

been thrown towards the

) floor in the direction of

w _ the line ¢, e it will re-

bound in the direction of - the line ¢, d, thus making the two
angles f and g exactly equal.

If the ball approached the floor under a larger or smaller
angle, its rebound would observe the same rule. Thus, if it

Fig. 12. fell in the line 5
: k, fig. 12, its re-
z [ % bound, would be in

the line £ ¢, and if
it was dropped per-
pendicularly from /
to k, it would re-
turn in the same
line to I. The an-
gle which the ball

L3 makes in its  ap-
proach to the floor is called the angle of incidence, and that
which it makes in departing from the floor, is called the angle
of reflection, and these angles are always equal to each other.

‘What illustrations can you give of reflected motion? What laws
are obgorved in reflected motion? Suppose a ball.to be thrown on the
floor in a certain direction, what rule will it observe in rebounding ?
What is the angle called, which the ball makes in approaching the floor?
What is the angle called, which it makes in leaving the floor? What
is the difference between these angles?



42 PROPERTIES OF BODIES.

Compound Motion.

Compound motion is that motion, which is produced by two
or more forces, acting in different directions, on the same
body, at the same time. This will be readily understood by
a diagram. .

p e Suppose the ball q, fig. 13,

to be moving with a certain
velocity in the line b ¢, and
suppose that at the instant
a ¢ When it came to the point a,
it should be struck with an
equal force in the direction
of d e, as it cannot obey
the direction of both these
forces, it will take a course
between them, and fly off in
the direction of /.
_ The reason of this is plain.
“ F The first force would carry
the -ball from b to c; the second would carry it from d to
e, and these two forces being equal, gives a direction just
half way between the two, and therefore it is sent in the di-
rection of f.

The line a f, is called the diagonal of the square, and re-
sults from the cross forces, b and d.being equal to each other.
If one of the moving forces is greater than the other, then the
diagonal line will be lengthened in the direction of the greater
force, and instead of being the diagonal of a square, it will
become the diagonal of a paralle]ogram, or oblong square.

Fig. 14. Suppose the force in the
direction of @ b, should
drive the ball with twice the
velocity of the cross ¢ d,
fig. 14, then the ball would
go twice as far from the line
¢ d, as from the line da,
and e S would be the dia-
P gonal of a parallelogram

d whose length is double its
breadth.

‘What is compound motion? Suppose a ball, moving with a certain
force, to be struck crosswise, with the same force, in what direction will
it move ? Suppose it to be struck with half its former force, in what
direction will it move ?

¢

& € _«
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Buppose a boat in crossing a river, is rowed forward at the
rate of four miles an hour, and the current of the river is at
the same rate, then the two cross forces will be equal, and the
line of the boat will be the diagonal of a square, as in fig. 13.
But if the current be four miles an hour, and the progress of
the boat forward only two miles an hour, then the boat will go
down stream twice as fast as she goes across the river, and
her path will be the diagonal of a parallelogram, as in fig. 14,
and therefore to make the boat pass directly across the
stream, it must be rowed towards some point higher up the
stream than the landing place ; a fact well known to boatmen.

Circular Motion.

Circular motion, is the motion of a body in a ring, or circle,
and is produced by the action of two forces. By one of these
forces, the moving body tends to fly off in a straight line,
while by the other it is drawn towards the centre, and thus it
is made to revolve, or move round in a circle.

The force by which a body tends to go off in a straight line,
is called the centrifugal force ; that which keeps it from fly-
ing away, and draws it towards the centre, is called the cen-
tripetal force. .

Bodies moving in circles are constantly acted upon by these
two forces. If the centrifugal force should cease, the moving
body would no longer perform a circle, but would directly ap-
proach the centre of its own motion.' 1f the centripetal force
should cease, the body would instantly begin to move off in a
straight line, this being, as we have explained, the direction
which all bodies take when acted on by a single force.

Fig. 15.
el This will be cbvious by fig.

15. Suppose ato be a cannon
ball, tied with a string to the
centre of a slab of smooth mar-
ble, and suppose an attempt
be made to push it with the
hand in the direction of b ; it
is obvious that the string would
prevent its going to that point ;
but would keep it in the circle.
In this case, the string is the
: centripetal force.

What is the line A F, fig. 13, called? What is the line E F, fig. 14,

called? How are these figures illustrated? What is circular motion?
How is this motion produced ? - What is the centrifugal force?




44 PROPEKRTIES OF BODIES,

Now suppose the ball to be kept revolving with rapidity,
its velocity and weight would constitute its centrifugal force ;
and if the string were to be cut, when the ball was at the
point ¢, for instance, this force would carry it off in the line
towards b.

The greater the velocity with which a body moves round in
a circle, the greater would be the force with which it would
fly off in a right line.

Thus, when one wishes to sling a stone to the greatest dis-
tance, he makes it whirl round with the greatest pessible ra-
pidity, before he lets it go. Before the invention of other
warlike instruments, soldiers threw stones in this manner with
great force, and dreadful effects. 3

The line about which a body revolves,is called its azis of
motion. 'The point round which it turns; or on which itrests,
is called the centre of motion. In fig:' 15, the point d, to
which the string is fixed, is the centre of motion. In the
spinning top, a line through the centre of the handle to the
point on which it turns, is the axis of motion.

In the revolution of a wheel, that part which is at the great-
est distance from the axis of motion, has the greatest velocity,
and consequently the greatest centrifugal foree. ,

Fig. 16. Suppose the wheel, fig. 16, to
revolve a certain number of times
in a minute, the velocity of the
end of the arm, at the point a,
would be as much greater than its
middle at the point b, as its dis-
tance is greater from the axis of
motion, because it moves in a lar-
ger circle, and consequently the
centrifugal force of the rim ¢,
would in like manner, be as its
distance from the centre of mo-
tion. .

Large wheels, which are designed to turn with great velo-

city, must, therefore, be made with corresponding strength,

What is the centripetal force? Suppose the centrifugal force should
cease, in what direction would thebody move? Suppose the centripe-
tal force should cease, where would thie body go? Explain fig. 15.
What constitutes the centrifugal force of a body moving round in a
circle? How is this illustrated ? - What is the axis of motion? What
is the centre of motion? Give illustrations. What part of a revolving
wheel has the greatest centrifugal force > Why ?
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otherwise the centrifugal force will overcome the cohesive at-
traction, or the strength of the fastenings, in which case the
wheel will fly in pieces. This sometimes happens to the
large grind-stones used in gun-factories, and the stone either
flies away piece-meal, or breaks in two in the middle, to the
great danger of the workmen.’ .

Were the velocity of the earth round its axis about seven-
teen times greater than it is, those parts at the. greatest dis-
tance from its axis, would begin to fly off in straight lines, as
the water does from the grindstone, when it is turned rapidly,

Centre of Gravity.
* The centre of gravity, in any body or system of bodies, is
that point upon which, the body, or system of bodies, acted
apon only by gravity, will balance itself in all positions.

The centre of gravity, in a wheel, made entirely of wood,
and of equal thickness, would be exactly in its middle, or in
its ordinary centre of motion. But if one side of thé wheel
were made of iron, and the other part of wood, its centre of
gravity would be changed to some point, aside from the centre
of the wheel.

Fig. 17. Thus, the centre of gravity in the
wooden wheel, fig. 17, would be at
-the axison which it turns ; but were
the arm a, of iron, its centre of mo-
tion and of gravity would no longer
be the same, but while the centre of
motion remained as before, the cen-
tre of gravity would fall to the point
a. Thus the centre of motion and
of gravity, though often at the same
point, are not always so.

When the body is shaped irregulatly, or there are two or
more bodies connected, the centre of gravity is the point on
which they will balance without falling. .

Fig. 18. If the two balls a and b fig. 18,

weigh each 4 pounds, the centre of gra-

: vity will be a point on the bar equally
distant from each.

Why must large wheels, turning with great velocity, be strongly
made? What would be the consequence, were the velocity of the
earth 17 times greater than it is? here is the centre of tgnvit ina
body? Where is the centre of gravity in a wheel, made of wood ? If
one side is made of wood, and the other of iron, where is this centre?
Is the gentre of motion a.ng of gravity always the same ?

-
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Fig. 19. But if one of the balls be heavier than
c d the other, then the centre of gravity will
° , in proportion, approach the larger ball.

Thus in fig. 19, if ¢ weighs two pounds,.
. and deight pounds, the centre of gravity
will be four times the distance from ¢ that it is from d.

In a body of equal thickness, ds a board, or a slab of mar-
ble, but otherwise of an irregular shape, the centre of gravity
may be found by suspending it, first, from one point, and then
from another, and marking by means of a plumb line the per-
pendicular ranges from the point of suspension. The centre
of hgravity will be the point where these two lines cross each
other.

Thus, if the irregular shaped piece of board, fig. 20, be

i, 20. . 91. io. 22.  Suspended, b

Fig- 20 Fig. 21 I making a holz

through it at

the point a, and

at the same

point suspend-

ing the plumb

. line ¢, both

= board and line

: : will hang in

the position represented in the figure. Having marked this

line across the board, let it be susp&nded again in the position

of fig. 21, and the perpendicular line again marked. The

point where these linea cross each other, is the centre of gra-
vity, as seen by fig. 22. .

It is often of great comsequence, in the concerns of life,
that the subject of gravity should be well considered, since
the strength of buildings, and of machinery often depends
chiefly on the gravitating point.

Common experience teaches, that a tall object, with a nar-
row base, or foundation, is easily overturned ; but-common
experience does not teach the reason, for it is only by under-
standing principles, that practice improves experiment.

An upright object will fall to the ground when it leans so
much that a perpendicular line from its centre of gravity falls
beyond its base. A tall chimney, therefore, with a narrow

‘When two bodies are connected, as by a bar between them, where is
.the centre of gravity? In a board of irregular shape, by what method
is the centre of gravity found ?
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foundation, such'as are commonly built at the present day,
will fall with a very slight inclination.

Now in falling, the centre of gravity passes through pagt of

a circle, the centre of which is at the extremity of the a&se,

'z: ;.;xich the body stands. This will be comprehended by

R 23, Suppose the figure to be a block of

& marble, which is to be turned over, by

lifting at the corner a, the corner d would

¢ /“\ be the centre of its motion, or the point

on which it would turn. The centre of

gravity, ¢, would, therefore, describe the

-part of a circle, of which the corner, d, is
@ ‘ the centre,

It will be obvious, after a little consideration, that the
greatest difficulty we should find in turning over a square
block of marble, would be, in first raising up the centre of
gravity, for the resistance will congtantly become less, in pro-
portion as this point approaches a perpendicular line over the
corner d, which, having passed, it will fall by its own gravity.

The difficalty of turning over a body of a particular form,
will be more strikingly illustrated by the figure of a triangle,
or Jow pyramid. ‘

Fig. 4. In fig. 24, the centre of gravity is

80 low, and.the base so broad, that in turn-

ing it over, a great proportion of its whole

weight must be raised. Hence we see the

firmness of the pyramid in theory, and ex-

perience proves its truth ; for buildings are

found to withstand the effects of time, and

the commotions "of earthquakes, in proportion as they ap-
proach this figure. ‘ .

The most ancient monuments of the art of building, now
standing, the pyramids of Egypt, are of this form.

When a ball is rolled on a horizontal plane, the centre of
gravity is not raised, but moves in a straight line parallel to

In what direction must the centre of gravity be from the outside of
the base, before the object will fall? In falling, the centre of gravity
passes through part of a circle, where is the centre of this circle 2 In
turning over a body, why does the force required constantly become
less and less ? Why is there less force required to overturn a cube, or
square, than a pyremid of the same weight? When a ball is rolled on
s horizontal plane, in what direction does the centre of gravity move?
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the surface of the plane, and is consequently always directly
qver its centre of motion. .

Fig. 25. Suppose, fig. 25, that ais the plane
on which the ball moves, b the line on
which the centre of gravity moves,
and c a plumb line, showing that the

b centre of gravity must always be ex-

actly over the centre of motion, when

. the ball moves on a horizontal plane.

:le =7 Hence we see the reason why a ball

® moving on such a plane, will rest

with equal firmness in any position, and why so little force is

required to set it in motion. For in no other figure does the

centre of gravity describe a horizontal line over that of mo-
tion, in whatever direction the body is moved..

Fig. 26. If the plane is inclined downwards,
the ball is instantly thrown into motion,
because the centre of gravity then falls
forward of that of motion, or the point
on which the ball rests.

" This is explained by fig. 26, where
e is the point on which the ball rests,
or the centre of motion, ¢ the perpen-
dicular line from the centre of -gravity,
as shewn by the plumb weight c.

¢ Ifthe plane is inclined upward, force

) is required- to move the ball in that di-
rection, because the centre of gravity then falls behind that
of motion, and therefore the centre of gravity has to be con-
stantly lifted. This is also shewn by fig. 26, only considering
the ball to be moving up the inclined plane, instead of
down it.

From these principles, it will be readily understood, why
so much force is required to roll a heavy body, as a hogshead
of sugar, for instance, up an inclined plane. The centre of
gravity falling behind that of motion, the weight is constantly
acting against the force employed to raise the body.

Explain fig. 25. Why docs a ball on a horizontal plane rest equally
wellin all positions? Why does it move with little force ? If the plane
is inclined downwards, why does the ball roll in that direction? Why
is force required to move a ball up an inclined plane?
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Fig. 217. From what has been stated, it will be under-
stood, that the danger that a body will fall, is in
proportion to the narrowness of its base, com-
pared with the height of the centre of gravity
above the base.

Thus a tall body, shaped like fig. 27, will
fall, if it leans but very slightly, for the centre
of gravity being far above the base, at a, is
brought over the ceritre of motion, b, with little
inclination, as shown by the. plumb line.
Whereas a body shaped like fig. 28, will not
fall, until it leans much more, as shown by the
direction of the plumb line.

We may learn, from these comparisons, that
-~ it is much more ddngerous to ride in a high

carriage than in a low one, in proportion as the
carriage is high, and the wheels near each oth-
er, or in proportion to the narrowness of the
base, and height of the centre of gravity. A
load of hay upsets where the road raises one
. wheel but little higher than the other, because
it is high, and broader on the top than the distance of the
wheels from each other, while a load of stone is very rarely
turned over, because the centre of gravity is near the earth,
and its weight nearly between the wheels, instead of being
far above them.

In man the centre of gravity is between the hips, and hence,
were his feet tied together, and his arms tied to his sides, a
very slight inclination of his body would carry the perpendi-
cular of his centre of gravity beyond the base, and he would
fall. But when his limbs are free to move, he widens his
base, and changes his centre of gravity at pleasure, by throw-
ing out his arms, as circumstances require.

When a man runs, he inclines forward, so that the centre
of gravity may hang before his base, and in this position, he is
obliged to keep his feet constantly advancing, otherwise he
would fall forward. : :

What is the danger that a body will fall proportioned to? Why is a
body, shaped like fig. 27, more easily thrown down, than one shaped
like fig. 282 Hence, in riding in a carriage, how is the danger of upset-
ting proportioned? Where is the centre of & man’s gravity? Why
wil% a man fall with a slight inclination, when his feet and arms are
tied ?

L5
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A man standing on one foot, cannot throw his body forward,
without at the same time throwing his other foot backward, in
order to keep his centre of gravity withinthe base,

A man, therefore, standing with his heels against a perpen-
dicular wall, cannot stoop forward without falling, because the
wall prevents his throwing any part of his body backward.
A person, little versed m such things, agreed to pay a certain
sum of money for an opportunity of possessing himself of dou-
ble the sum, by taking it from the floor with his heels against
the wall. The man of course, lost his money, for in such a
posture, one can hardly reach lower than his own knee.

The . base, on which a man is supported, in walking, or
standing, is his feet, and the space between them. By turning
the toes out, this base is made broader, without taking much
from its length, and hence persons who turn their toes out-
ward, not only walk more firmly, but more gracefully,- than
those who turn them inward. i

In consequence of the upright position of man, he is con-
stantly obliged to employ some exertion to keep his balance.
This seems to be the reason why children learn to walk with
80 much difficulty, for, after they have strength to stand, it re-
quires considerable experience, so to balance the body, as to
set one foot before the other without falling.

By experience in the art of balaneing, or of keeping the
centre of gravity in a line over the base, men sometimes per:
form things, that, at first sight, appear altogether beyond hu-
man power, such as dining with the table and chair standing
on a single rope, dancing on a wire, &c.

No form under which matter exists, escapes the general
laws of gravity, and hence vegetables, as well as animals, are
formed with reference to the position of this centre, in respect
to the base.

It is interesting, in reference to this circumstance, to ob-
;rerve how exactly the tall trees of the forest conform to this

aw, ‘ :

The pine, which grows a hundred feet high, shoots up with
as much exactness, with respect to keeping its centre of gra-
vity within the base, as though it had been directed by the

Why cannot one who stands with his heels against a wall stoop for-
ward? Why does a person walk most firmly, who turns his toes out-
ward? Why doesnot a child walk as soon as he can stand? In what
does the art of balancing, or walking on a rope consist? What is ob-
served l:l the growth of the trees of the forest, in respect to the laws of
gravity ?
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plumb line of a master builder. Its limbs, towards the top,
are sent off in conformity to the same rule; each one growing
in respect to the other, so as to preserve a due balance be-
tween the whole. ] ) . .

It may be observed, also, that where many trees grow near

each other, as in thick fprests, and consequently where the
wind can have bat little effect on each, that they always grow
-taller than when standing alone on the plain. The roots of
such trees are also smaller, and do not strike so deep as those
of trecs standing alone. A tall pine, in the midst of the for-
est would- be thrown to the ground by the first blast of wind,
were all those around it.cut away.

Thus, the trees of the forest, not only grow so as to preserve
their centres of gravity, but actually conform, in a certain
sense, to their situations.

. Centre of Inertia.
It will be remembered that inertia is one of the inherent, or
- essential properties of matter, and that it is in consequence of
this property, when bodies are at rest, that they never move
without the application of force, and when once in motion,
they never cease moving without some external cause.

Now inertia, though like gravity, it resides equally in every
particle of matter, must have, like gravity, a centre in each
particular body, and this centre is the same with that of
gravity.

In a bar of iron, six feet long, and two inches square, the
centre of gravity is just three feet from each end, or exactly in
the middle. If, therefore, the bar is supported at this point,
it will balance equally, and because there are equal weights on
both ends it will not fall. This, therefore, is the centrgof
gravity.

Now suppose the bar should be raised by raising up the
centre of gravity, then the inertia of all its parts would be
overcome equally with that of the middle. The centre of
gravity, is, therefore, the centre of inertia.

The centre of inertia, being that point, which, being lifted,
the whole body is raised, is not, therefore, always at the cen-
tre of the body.

What effect does inertia have upon bodies atrest? What effect does
it have on bodies in motion? Is the centre of inertia, and that of gra-
vity the same > 'Where is the centre of inertia in a body, or a system
of bodies ?
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Fig. 29. Thus suppose the same bar of iron,
whose inertia was overcome by raising
a the centre, to have balls of different

weights attached to its ends ; then the

centre of inertia would no longer re-
main in the middle of the bar, but would' be changed to the
point a, fig. 30, so that to [ift the whole, this point must be
raised, instead of the middle, as before.

Equilibrium.

When two forces counteract, or balance edch other; they
are said to be in equilibrium,
It is not necessary for this purpose, that the welghts should
be equally heavy, for we have just seen, that a small weight
laced at a distance from the centre of inertia, will balanee a
arge one placed near it. ~ To produce ethbrmm, it is only

necessary, that the weights on each side of the support should .

mutually counteract each other, or if set in motion, that their
momenta should be equal.

A pair of scales are in ethbrmm, when the beam is in a
horizontal position.

To produce equilibrium in solid bodies, therefore, it is only »

necessary to support the centre of inertia, or gravity.

Fig. 30. - If a body, or several hodies, con-
nected, be suspended by a string,
as in fig. 31, the point of support
is always in a-perpendicular line
above the centre of inertia. . The

@ plamb line a, cuts the bar connect-
C ing the two balls at this point.
1 Were the two weights in this figure
equal, itis evident that the hook, or
point of support must be in ‘the

middle of the string, to preserve the horizontal position.
When a man stands on his right foot, he keeps himself in
ethbnum, by leaning to the right, o as to bring his centre
of gsavuy in a perpendicular line over the foot on which he

stands.

Why is the point of inertia changed by fixing different weights to the
ends of the iron bar? What is meant by equilibrium? To produce
equilibrium must the weights be equal? When is a pair of scales in
equilibrium ? When & body is suspended by a string, where must the
support be with respect to the point of inertia?
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Curvilinear, or bent Motion.

We have seen that a single force acting on a body drives it
straight forward, and that two forces acting crosswise, drive it
midway between the two, or give it a diagonal direction.

Curvilinear motion djffers from both these, the direction of
the body being neither straight forward, nor diagonal, but
through a line which is curved. )

This kind of motion may be in any direction, but when it
is prodaced in part by gravity, its direction is always towards
the earth. .

A stream of water from an aperture in the side of a vessel,
as it falls towards the ground, is an example of a curved line,
and a body passing through such a line, is said to have curvili-
near motion. Any body projected forward, as a cannon ball,
or rocket, falls to the earthin a curved line.

It is the action of gravity across the course of the stream,
or the path of the ball that bends it downwards, and makes it
form a curve. This motion is therefore the result of two for-
ces, that of projection, and that of gravity.

The shape of the curve, will depend on the velocity of the
stream or ball. When the pressure of the water is great, the
stream, near the vessel, is nearly horizontal, because its velocity
is in proportion to the pressure. When a ball first leaves the
cannon, it describes but a slight curve, because its projectile
velocity is then greatest.

Fig. 31. The curves described by jets of
water, under different degrees of pres-
sure, are readily illustrated by tapping
a tall vessel jn several places, one
above the other.

Suppose fig. 31 to be such a vessel,
filled with water and pierced as repre-
sented. Thestreams will form curves
differing from each other, as seen in
the figure. Where the projectile force
is greatest, as from the lower orifice,
the stream reaches the ground alt the

- greatest distance from the vessel, this
g____:_l-\ distance decreasing, as the pressure

V4

What is meant by curvilinear motion? What are examples of this
kind of motion? What two forces produce this motion? On what
does the shape of the curve depend? How are the curves described by
jots of water illustrated ? -
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becomes less towards the top of the vessel. The action of
gravity - being always the same, the shape of the curve.
described, as just stated, must depend on the velocity of
the moving body ; but whether the projectile force be
great or small, the moving body, if thrown horizontally, will
reach the ground from the same height in the same time.

This, at first- thought, would seem not to be true, for with-
out consideration, most persons would assert, very positively,
that if two cannon were fired from the same spot, at the same
instant, one of the balls falling half a mile, and the other a
mile distant, that the ball which went to the greatest distance,
would take the most time in performing its journey.

But it must be remembered that the projectile force does
not in the least interfere with the force of gravity. A ball
flying horizontally at the rate of a thousand feet per seeond,
is attracted downwards with precisely the same force as one,

flying only a hundred feet per second, and must therefore .

descend the same distance in the same time.

The distance to which a ball will go, depends on the force
of impulse given it the first instant, and consequently on its
projectile velocity. If it moves slowly, the distance will be
short—if more rapidly, the space passed over will be greater.
It makes no difference, then, in respect to the descent of the

ball, whether its projectile motion be fast, or slow, or whether

it moves forward at all. 2
This is demonstrated by experiment. Suppose a cannon to
be loaded with a ball, and placed on the top of a tower, at such

a height from the ground, that it wotld take just three

seconds for a cannon ball to descend from it to the ground, if
let fall perpendicularly.* Now suppose the cannon to be fired
in an exact horizontal direction, and at the same instant, the
ball to be dropped towards the ground. They will both reach
the ground at the same instant, provided the ground be a
horizontal plane from the foot of the tower to the place where
the projected ball strikes. - M

What difference is there in respe to the time taken by a body to reach
the ground, whether the curve. ¥ great or small? Why do bodies
forming different curves from the same height, reach the ground at the
same time? Suppose two balls, one flying at the rate of a thousand,
and the other at the rate of a hundred feet per second, which would de-

scend most during the second? Does it make any difference in respect .

. to the descent of the ball, whether it has a projectile motion or not?
Suppose, then, one ball be fired from a cannon, and.'another let fall
. from the same height at the same instant, woul&‘" ‘they both reach the
ground at the same time ?

Y
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This will be made plain by fig. 32, where a is the perpen-
dicular line of the descending ball, ¢ b the curvilinear path of
that projected from the cannon, and d, the horizontal line
‘from the foot of the tower. . :

Fig. 32.

-

.

The reason why the two balls will reach the ground at the
same time, is easily compiehended.

During the first. second, suppose that the ball which is
dropped, reaches 1 ; during the next second it falls to 2, and
at the end of the third second it strikes the ground. Mean-
time, the ball shot from the cannon is projected forward with
such velocity as to reach 4 in the same time that the other
is falling to 1. But the projected ball falls downward exactly
as fast as the other, for it meets the line 1, 4, which is parallel
to the horizon at the same instant. . During the next second,
the projected ball reaches 5, while the other arrives at 2;
and here again they have both descended through the same
downward space, as is seen by the line 2, 5, which is parallel
with the other. During the third second, the ball from the
cannon will have nearly spent its projectile force, and there-
fore, its metion downward will be greater, while its motion
forward, will be less than before. The reason of this will be
obvious, when it is considered, that in respect to gravity, both
balls follow exactly the same law, and fall through equal
spaces in equal times. Therefore as the falling ball descends
through the greatest space-during the last second, so that
from the cannon, having now a.less projectile velocity, its
downward motion is more direct, and, like all falling bodies,

_its velocity is increased as it approashes the earth.

" Explain fig. 32, showing the reason why .'.ho two balls will reach the
ground at the same time. 'Why does the ball approach the earth more
rapidly in the last part of the curve, than in the first part?
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From what has been said, it may be inferred, that the hori-
zontal motion of a body through the air, does not in the least
interfere with its gravitating motion towards the earth, and
therefore that arifle ball, or any other body projected forward
horizontally, will reach the ground in exactly the same period
of time, as one that is let fall perpendicularly from the same
height. . : . .

he two forces acting on bodies which fall through curved
lines, are the same as the centrifugal and. centripetal forces,
already explained ; the ‘centrifugal being caused by the pow-
der—the centripetal being the action of gravity.

Now it is obvious, that the space through which a cannon
ball, or any other body can be thrown, depends on the velocity
with which it is projected, for the attraction of gravitation
and the resistance of the air acting perpetually, the time which
a body can be kept in -motion, through the air, is only a few
moments. ‘ .

If, however, the projectile be thrown from an elevated situa-
tion, it is plain that it would strike at a greater distance than
if thrown on a level, because it would remain longer in the
air. Every one knows that he can throw a stone to a greater
distance, when standing on a steep hill, than when standing
on the plain below. :

Bonapatrte, it is said, by elevating the range of his shot,
bombarded Cadiz from the distance of five miles. Perhaps,
then, from a high mountain, a cannon ball might be thrown to
the distance of six or seven miles.

i Suppose the circle, fig.
33, to be the earth, and a
a high mountain on its
surface.  Suppose that
this mountain reaches
above the atmosphere, or
is fifty miles high, then a
cannon ball might perhaps
reach from a to b, a dis-
tance of eighty, or a hun-
dred miles, because the
resistance of the atmos-
phere ‘being out of the
calculation, it would have
nothing to contend with,
except the attraction of

What is the force called, which throws a ball forward ?
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gravitation. If, then, one degree of force, or velocity would
send it to b, another would send it to ¢; and if the force was
increased three times, it would fall at d, and if four times, it
would passto e. If now we suppose the force to be about ten
times greater than that with which a cannon ball is projected,
it would not fall to the earth at any of these points, but would
continue its mofion, until it again came to the point a, the
place from which it was first projected. It would now be in
equilibrium, the centrifugal force being just equal to that of
gravity, and therefore it would perform another, and another
revolution, and so continue to revolve round the earth per-
petually. .

The reason why the force of gravity would not ultimately
bring it to the earth, is, that during the first revolution, the
effect of this force is just equal to that exerted in any other
revolution, but neither more nor less ; and, therefore, if the
centrifugal force was sufficient te overcome this attraction du-
ring one revolution, it would also overcome it during the next.
It is supposed, also,} that nothing tends to affect the projec-
tile force except that of gravity, and the force of this attrac-
tion would be no greater during any other revolution than
during the first.

I other words, the centrifugal and centripetal forces are
supposed to be exactly equal, and to mutually balance each
other ; in which case, the ball would be, as it werg, suspended
between them. 'As long, therefore, as these two forces con-
tinued to act with the same power, the ball would ne more
deviate from its path, than a pair of scales would lose their
balance without more weight on one side than on the other.

It is these two forces which retain .the heavenly bodies in
their orbits, and in the case we have supposed, -our cannon
ball would become a little satellite, moving perpetually round
the earth.

Resultant Motion.
Suppose two men to be sailing in two boats, each at the

W hat is that called, which brings it to the ground? On what does
the distance to which a projected body may be thrown depend? Why
does the distance depend upon the velocity? Explain fig. 33. Suppose
the velocity of a cannon ball shot from a mountain 50 miles high, to be
ten times its usual rate, where would it stop? When would this ball be
in equilibrium? Why would not the force of gravity ultimately bring
the ball to the earth?  After the first revolution, if the two forces con-
tinued the same, would not the motion of the ball be perpetual ?

6
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rate of four miles an hour, at a short distance opposite to each
other, and suppose as they are sailing along in this manner,
one of the men throws the other an apple. In respect to the
boats, the apple would pass directly across, from one to the
other, that is, its line of direction would be perpendicular to
the sides of the boats. But its actual line through the air,
would be oblique, or diagonal, in respect to the sides of the
boats, because in passing from boat to boa, it is impelled by
two forces, viz. the force of the motion of the boat forward,
and the force by which it is thrown by the hand across this
motion. . ' _

This diagonal motion of the apple is called the resultant,
or the resulting motion, because it is the effect, orresult, of
two motions, resolved into ome. Perhaps this will be more

Fig. 34. t‘:llear\ by fig. 34, where a b, and ¢
, dre supposed to be the sides
@——91—F——d of the twgpl?ontu, and the line e f,
: of the apple. Now the apple,
when thrown, has a motion with
4 the boat at the rate of four miles
2 d an hour, from ¢ towards d, and this
motion continues just as much as
though it had remained in the boat. Had it remained in the
boat during the time it was passing from e to £, it would have
passed from e to A. But we suppose it to have been thrown
at the rate of eight miles an hour in the direction towards g,
and if the boats are moving south, and the apple thrown to-
wards the east, it would pass, in the same time, twice as far
towards the east as it did towards the south. Therefore, in
respect to the boats, the apple would pass in a perpendicular
line (rom the side of one to that of the other, because they
are both in motion, but in respect .to one perpendicular line
drawn from the point where the apple was thrown, and a
paralle| line with this, drawn from the point where it struck
the other boat, the line of the apple would be oblique. This
will be clear, when we consider that when the apple is thrown,
the boats are at the points e and g, and that when it strikes,
they are at & and f, these two points being opposite to each
other.

'

Suppose two boats, sailing at the same rate and in the same direc-
tion, if an apple be tossed from one to the other, what will be its direc-
tion in respect to the boats? What would be its line through the air,
in respect to the boats? W hat is this kind of motion called? Why is
it called resultant motion? Explain fig. 34.
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The line e, f, through which the apple is thrown, is ealled
the diagonal of a parallelogram, as already explained under
compound motion.

On the above principle, if two ships, during a battle, are
sailing before the wind at equal rates, the aim of the gunners
will be exactly the same as_though they stood still ; whereas
if the gunner fires from a ship standing still, at another under
sail, he takes his aim forward of the mark he intends to hit,
because the ship would pass a little forward, while the ball is
going to her. And so on the contrary, if a shipin motion
fires at another standing still, the aim must be behind the
mark, because, as the motion of the ball partakes of that of
the ship, it will strike forward of the point aimed at.

For the same reason, if a ball be dropped from the topmast
of a ship under sail, it partakes of the motion of the ship for-
ward, and will fall in a line with the mast, and strike the same
point on the deck, as though the ship stood still.

If a man upon the full run drops a bullet before him from
the height ofshis head, he cannot run so fast as to overtake it
before it reaches the ground. -

It is on this principle, that if a cannon ball be shot up ver-
tically from the earth, it will fall back to the same point; for
although the earth moves forward while the ball is in the air,
yet as it carries this motion with it, so the ball moves forward
also, in an equal degree, and therefore comes down at the
same place.

Ignorance of these laws, induced the story-making sailor to
tell his comrades, that he once sailed in a ship which went so
fast, that when a man fell from the mast-head, the ship sailed
away and left the poor fellow to strike into the water behind
her.

Pendulum.

A pendulum is a heavy body, such as a piece of brass, or
lead, suspended by a wire or cord, so as to swing backwards
and forwards.

‘Why would the line of the apple be actually perpendicular in respect
to the boats, but oblique in respect to parallel lires drawn from where
it was thrown, and where it struck? How is this further illustrated ?
‘When the ships are in equal motion, where does the gunner take his
aim? Why does he aim forward of the mark, when the other ship is
in motion? If a ship in motion fires at one standing still, where must
be the aim? Why in this case, must the aim be behind the mark?
What other illustrations are given of resultant motion? What is a
pendulum ?

\

\.



69 PENDULUM.

When a pendulum swings, it is g3id to vibrate; and that

part of a circle through which it swings, is called its arc.

The times of the vibration of a pendulum are very nearly

equal, whether it pass through a greater or less part of its arc.
. Fig. 35. Suppose a and

3 b, fig. 35, to be

two pendulams of

equal length, and

" suppose the

weights of each

are carried, the
one to ¢, and the
other to d, and
both let fall at
the same instant 3
their vibrations would be equal in respect to time, the one
passing through its arc from ¢ to ¢, and so back again, in the

same time that the other passes from-d to f, and back again.

The reason of this appears to be, that when the pendulum
.is raised high, the action of gravity draws it more directly
downwards, and it therefore acquires, in falling, a greater
comparative velocity than is proportioned to the triflig differ-
ence of height.

In the common clock, the pendulum is connected with
wheel work, to regulate the motions ef the hands, and with
weights by which the whole i& moved. The vibtations of the
pendulum are numbered by a wheel having sixty teeth, which-
revolves once in a minute. -Each tooth, therefore, answers
to one swing of the pendulum, and the wheel moves forward
one tooth in a second. Thus the second hand revolves once
in every sixty beats of the pendulum, and as these beats are
seconds, it goes round once in a minute. By the pendulum,
the whole machine is regulated, for the clock goes faster, or
slower, according to its number of vibrations in a given time.
The number of vibrations which a pendulum makes in a given
time, depends upon its length, because a long pendulum does
not perform its journey to and from the corresponding points
of its arc, so soon as a short one.

a

What is meant by the vibration of a pendulum? What is that part
of a circle called, through which it swings? Why does a pendulum
vibrate in equal time, whether it goes through a small, or large part of
its arc? Describe the common clock. How many vibrations has the
pendulum in a minute? On what depends the number of vibrations
which a pendulum makes in a given time ? :
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As the motion of the clock is regulated entirely by the
pendulum, and as the number of vibrations aré as its length,
the least variation in this respect, will alter its rate of going.
To beat seconds, its length must be about 39 inches. In the
common clock, the length is regulated by a screw, which
raises and lowers the weight. But as the rod to which the
weight is attached, is subject to variations of length in conse-
quence of the change of the seasons, being contracted by cold,
and lengthened by heat, the common clock goes faster in
winter. than in summer.

Various means have been contrived to counteract the ef-
fects of these changes, so that the pendulums may continue
the same length the whole year. Among inventions for this
purpose, the gridiron pendulum is_among the best. It is so
called, because it consists of several rods of metal connected
together at each end.

The principle on which this pendulum is constructed, is
derived from the fact, that some metals dilate more by the
same degree of heat than others. Thus brass will dilate twice
as much by heat, and consequently contract twice as much,
by cold, as steel. If then these differences could be made to
counteraet each other mutually, given points at each end of
a system of such rods would remain stationary the year round,
and thus the clock would go at the same rate in all climates,
and during all seasons. =~ g -

Fig. 36.  This important obj@et is accomplished by the fol-

lowing means .
Suppose the middle rod, fig. 36, to be made of
brass, and the two outside ones of steel, all of the
) same length. Let the brass rod be firmly fixed to .
the cross pieces at each end. Let the steel rod a,
be fixed to the lower cross piece, and b, to the upper
) croes piece. The rod a, at its upper end passes
' Ld through the cross piece, and in like manner, b
through the lower one. This is done to prevent
these small rods from playing backwards and for-
wards as the pendulum swings.

Now as the middle -rod is lengthened by the heat

8 twice as much as the outside ones, and the outside

rods together are twice as long as the middle one,
the actual length of the pendulum can neither be

‘What is the medium length of a pendulum beating seconds ? Why
does a common clock go faster-in winter than in summer ?
-
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increased, nor diminished by the variations of tempera-
ture. .

Fig. 31. T make this still plainer, suppose the lower cross
w 1¢ piece, fig. 37, to be standing on a table, so that.it
could not be lengthened downwards, and suppose
by the heat of summer, the middle rod of brass
. should increase one inch in length. This would
2|1 P elevate the upper cross piece an inch, but at the
. same time the steel rod a, swells half an inch, and
the steel rod b, half an inch, therefore, the two
points ¢ and d, would remain exactly at the same
Jédistance from each other.

As it is the force of gravity which draws the weight of the
pendulum from the highest point of its arc downwards, and
as this force increases, or diminishes, as bodies approach to-
wards the centre of the earth, or recede from it, so the pendu-
lum will vibrate faster, or slower, in proportion as this attrac-
tion is stronger or weaker. .

Now it is found that the earth at the equator, rises higher
from its centre, than it does at the poles, for towards the
poles it is flattened. The pendulum, therefore, being more
strongly attracted at the poles than at the equator, vibrates
faster. For this reason, a cloek that would keep exact time

at the equator, would gain time at the poles, for the rate at.

which a clock goes, depends on the number of vibrations its
pendulum® makes. Therefore, pendulums, in order to beat
seconds, must be shorter at the equator and longer at the
oles. .
P For the same reason, a clock, which keeps exact time at
the foot of a high mountain would move slower on its top.
There is a short pendulum, used by musicians for marking
time, which may be made to vibrate fast or slow, as occasion
requires. This little instrument is called a metronome, and
besides the pendulum, consists of several wheels, and a spiral
spring, by which the whole is moved. This pendulum is only

What is necessary in respect to the pendulum, to make the clock go
true the year round? W hat is the principle on which the gridiron pen-
dulum is constructed? What are the metals of which this instrument
is made? Explain fig. 36, and give the reason why the length of the
pendulum will not change by the variations of temperature. Explain
fig. 37. What is the downward force which makes the pendulum vi-
brate? Explain the reason why the same clock would go faster at the
poles and slower at the equator. How can axlock which goes true at
the equator be made to go true at the poles?
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ten or twelve inches long, and instead of being suspended
by the end, like other pendulums, the rod is prolonged above
the point of suspension, and there is a ball placed at the upper,
as well as the lower extremity.

Fig. 38.

This arrangement will be understood
by fig. 38, where a is the axis of sus-
pension, b the upper ball, and ¢ the
lower one. Now when this pendulum
vibrates from the point a, the upper
ball constantly retards the motion of
the lower one, by in part counterbal-
ancing its weight, and thus preventing
its full velocity downwards.

Perhaps this will be more apparent
by placing the pendulum, fig. 39, for

-a moment on its side, and across a

Fig. 39. bar, at the point of suspension.

_ In this position, it will be seen,

that the little ball would prevent

_ the large one from falling with

. : its full weight, since, were it

moved to a certain distance from

the point of suspension, it woild balance the large one, so

that it would not descend at all. It is plain, therefore, that

the comparative velocity of the large ball will be in proportion

as the small one is moved to a greater or less distance from

the point of suspension. 'The metronome is so constructed,

the little ball being made to move up and down on the rod,

at pleasure, and "thus its vibrations are made to beat the time
of a quick or slow tune as occasion requires. .

By this arrangement, the instrument is made to vibrate
every two seconds, or every half, or quarter of a second, at
pleasure. -

c .

MECHANICS.

Mechanics is a science which investigatos the laws of force
and motion, as applied to machinery.

Will a clock keep equal time at the foot, and on the top of a high
mountain 2 Why Wwill it not? What is the metronome? How does
this pendulum differ from common pendulums? How does the upper
ball retard the motion of the lower one? How is the metronome made
to go faster or slower at pleasure? What is mechanics ?
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The object of this science is, to teach the best modes of
overcoming resistances’ by means of mechanical powers, and
to apply motion to useful purposes by means of machinery.

A machine is any instrument by which power, motion, or
velocity is applied, or regulated. ) .

A machine may be very simple, or exceedingly complex.
Thus a pin is a machine for fastening clothes, and a steam -
engine is a machine for propelling mills and boats. -

As machines are constructed for a vast variety of purposes,
their forms, powers, and kinds of movement must depend on
their intended uses. .

Several considerations ought to precede the actual con-
struction of a new or untried machine ; for if it does not ans-
wer the purpose intended, it is comimonly a total loss to the
builder. i .

Many a man, on attempting to apply an 6ld principle to a
new purpose, or to invent a new machine for an old purpose,
has been sorely disappointed, and when he came to the actual
. test, has found, too late, that his time and money have
been thrown away, for want of proper reflection, or requisite
knowledge. .

If a man, for instance, thinks of constructing a machine for
raising up a ship, he ought tp -take into consideration, the
tnertia, or weight, to be moved—the force to be applied—the
strength of the materials, and the space, or situation, he has
to work in. For, if the force applied, or the strength of the
materials be insufficient, his machine is obviously useless 3
and if the force and strength be ample, but the space be
wanting, the same result must follow. .

If he intends his machine for twisting the fibrés of flexible
substances into threads, he may find no difficulty in respect
to power, strength of materials, or space to work in, but if the
velocity, direction, and kind of motion he obtains be not ap-
plicable to the work intended, he still 1oses his labour.

Thousands of machines have beey constructed, which, so
far as regards the skill of the workmen, the ingenuity of the
contriver, and the construction of the individual parts, were
models of art and beauty ; and, so far as could be seen without
trial, admirably adapfed to the intended purpose. But on
putting them to actual use, it was found that their only imper-
fection consisted in a stubborn refusal to do any part of the
work intended. ]

‘What is the object of this science? What is a machine? Mention
one of the most simple, and one of the most complex of machines.
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Now a thorough knowledge of the laws of motion, and the
principles of mechanics would, in many instances at least,
have prevented al] this loss of labor and money, and what is
still worse, so much vexation and chagrin, by showing the
projector that his machine would not answer the intended
purpose.

The importance of this kind of knowledge is therefore ob-
vious, and it is hoped will become more so as we proceed.

In mechanics, as well as in other sciences, there are words
which must be explained, either because they are common
words used in a peculiar sense, or because they are terms of
art, not in common use. Alltechnical terms will be as much
as possible avoided, but still there are a few, which it is ne-
cessary here to explain.

Force is the means by which bodies are set in motion, kept
in motion, and, when moving, are brought torest. The force
of gun-powder sets the ball in motion, and keeps it moving,
until the force of resisting air, and the force of gravity bring
it to rest. - . .

Power is the means by which the machine is moved, and
the force gained. Thus we have horse power, water power,
and the power of weights. -

- Weight is the resistance, or the thing to be moved by the
force of the power. Thus the stone is the weight to be moved
by the force of the lever, or bar.

Frlcrum, or prop, is the paint or part on which a thing is
supported, and about which it has more or less motion. In
raising a stone, the thing on which the lever rests, is the ful-
crum.

In mechanics there are a few simple machines called the

mechanical powers, and however mixed, or complex, a combi-
nation of machinery may be, it consists only of these few in-
dividual powers.

We shall not here byrthen the memory of the pupil, as is
customary, with the names of these powers, of the nature of
which he is at present supposed to know nothing, but shall ex-
plain the action and use of each in its turn, and then sum.up
the whole for his accommodation. :

What is meant by force, in mechanics> What is meant by power ?
What is understood by weight? What is the fulerum? Are the me-

- chanical powers numerous, or only few in number >



66 LEVER.

The Lever.

Any rod, or bar, which is used in raising a weight, or sur-
mounting a resistance, by being placed on a fulcrum, or prop,
becomes a lever.

This machine is the most simple of all the mechanical
powers, and is therefore in universal use.

Fig. 40. Fig. 40 represents a
ap Straight lever, or hand-

spike, called also a crow-

bar, which is commonly

used in raising and mov-

ing stone, and -other

6 F | heavy bodies.  The
; ” block b, is the weight,

or resistance, a is the
lever, and ¢, the fulcrum.

The power is the hand, or weight of a man applied at a, to
depress that end of the lever, and thus to raise the weight.

It will be observed, ‘that by this arrangement, the applica-
tion of a small power may be made to overcome a great re-
sistance.

The force to be obtained by the lever, depends on its length,
together with the power applied, and the distance of the
weight and power from the fulcrum. '

Fig. 41. Supposs fig. 41, that a, is the

a -~ lever, b the fulcrum, d the weight

to be raised, and ¢ the power.

Ab : Let d, be considered three times

: ag heavy as ¢, and the fulcrum

three times as far from c as it is

O c O from d ; then the weight and

d power will exactly balance each

other. Thus if the bar be four

feet long} and the fulcrum three feet from the end, then three

pounds on the long arm, will weigh just as much as nine

pounds on the short arm, and these proportions will be found
the same in all cases. '

What is a lever? What is the simplest of all the mechanical powers?
Explain fig. 40. Which is the weight? Where is the fulerum? Where
is the power applied ? What is the power in this case? On what does
the force to be obtained by the lever depend? Suppose a lever 4 feet
long, and the fulcrum one foot from the end, what number of pounds
will balance each other at the ends ?
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When two weights balance each other, the fulcrum is al-
ways at the centre of gravity between them, and therefore to
make a small weight raise a large one, the fulcrum must be
placed as near as possible to the large one, since the greater
the distance from the fulcrum the small weight, or power is,
the greater will be its force. - :

Fig. 42. Suppose the weight b, fig. 42,
to be sixteen pounds, and sup-
pose the fulcrum to be placed so
near it, as to be raised by the

Z power a, of four pounds, hang-

a . ing equally distant from the ful-

(] crum and the end of the lever.

If now the power a, be remov-

ed, and another of two pounds, ¢, be placed at the end of the

lever, its force will be just equal to a, placed at the middle of
the lever. . .

But let the fulcrum be moved along to the middle of the
lever, with the weight of sixteen pouuds still suspended to it,
. it would then take another weight of sixteen pounds, instead
of two pounds, to balance it, fig. 43.

. o Thus the power which would

Fig. 43. balance 16 pounds, when the

fulcrum is in one place, must be

exchanged for another power

weighing 8 times as much, when

the fulcrum is in another place.

" From these investigations, we

may draw the following general

truth, or proposition, concerning

the lever. ¢ That the force of the lever increases in propor-

tion to the distance of the power from the fulcrum, and dimin-

ishes in propertion as the distance of the weight to be raised,
from the fulcrumn increases.” ) "

From this proposition may be drawn the following rule, by
which the exact proportions between the weight, or resistance,
and the power may be found. Multiply the weight by its

When weights balance each other, at what point between them must
the fulcrum be > . Suppose a weight of 16 pounds on the short arm of a
lever is counterbalanced by 4 pounds in the middle of the long arm,
what power would balance this weight at the end of the lever? Sup-
pose the fulcrum to be moved to the middle of the lever, what power
would then be equal to the 16 pounds? What is the general proposi-
tion drawn from these results ? :
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distance from the fulcrum ; then multiply the power by its dis-
tance from the same point, and if the products are equal, the
weight and the power will balance each other.

Suppose a weight of 100 pounds on the short arm of a lev-
er, 8 inches from the fulcrum, then another weight, or power,
of 8 pounds, would be equal to this, at the distance of 100
inches from the fulcrum ; because 8 multiplied by 100 is
equal to 800; and 100 multiplied by 8 is equal to 800, and
thus they would mutually counteract each other.

Fig. 44 Many instruments in com-

g" ’ mon use are on the principle

of this kind of lever. Scis-

sors, fig. 44, consist of two

levers, the rivet being the

fulcrum for beth. The fin-

gers are the power, and the

cloth to be cut, the resist-
ance to be overcome.

Pincers, forceps, and sugar cutters, are examples of this
kind of lever. .

A common scale-beam, used for weighing, is a lever, sus-
pended at the centre of gravity, so that the two arms balance
each other. Hence the machine is called a balance. The
fulcrum, or what is called the pivot, is sharpened, like a
wedge, and made of hardened steel, so as much as possible to
avoid friction.

F'g.' 45. A dish is suspended by cords
to each end or arm of the lever,
for the purpose of holding the
¥ articles to be weighed. hen

the whole is suspended at the
point a, fig. 45, the beam or lever
= ought to remain in a horizontal
posifion, one of its ends being exactly as high as the other.

-

If the weights in the two dishes are equal, and the support

exactly in the centre,they will always hang as represented in
the figure.
A very slight variation of the point of support towards one

What is the rule, for finding the propertions hetween the weight and
power? Give an illustratieu of this rule. What instruments operate
on the prineiple of this lever? When the scissors are used, what is the
resistance, and what the power? In the common scale-beam where is
the fulecram? In what position ought the scale-beam to hang?
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end of the lever, will make a difference in the weights em-
ployed to balance each other. In weighing a pound of sugar,
with a scale beam of eight inches long, if the point of support
is half an’inch too near the weight, the buyer would be cheat-
ed nearly one ounce, and consequently neatly one pound in
every sixteen pounds. This fraud might instantly be detected
by changing the places of the sugar and weight, for then the
difference would be quite material, since the sugar would then
seein to want twice as much additional weight as it did really
want,

The steel-yard differs from the balance, in having its sup-
port near one end, instead of in the middle, and also in having
the weights suspended by hooks, instead of being placed in a
dish.

Fig. 46. " If we suppose the beam to be

7 inches long, and the hook ¢, fig.

? i 46, to be one inch from the end,
c . then the pound weight a, will re-
. a quire an additional pound at b,

3 _ for every inch it is moved from it.

This, however, supposes that the

bar will balance itself, before any weights are attached to it.

In the kind of lever thus described, the weight to be raised is

oun one side of the fulcrum, and the power on the other. Thus

the fulcrum is between the hand and the weight. There is

another kind of lever, in the use of which, the weight is pla-

ced between the fulcrum and the hand. 1In otherwords, the

weight to be lifted, and the power by which it is moved are
the same side of the prop. .

Fig. 47. ‘This .arrangement is

op represeiited by fig. 47,

where w is the weight, {

o the lever, f the fulcrum,

and p a pulley; over which

Fo z a string is thrown, and a
AN small weight suspended,
as the power. In the

w common use, of alever of

the first kind, the force is
How may a fraudulent ecale-beam be made? How may the cheat

be detected? How does the steel-yard differ from the balance? In -

the first kind of lever, where is the fulcrum, in respect to the weight
and power? In the second kind where is the fulcrum, in respect to the
weight and power? y ’

¥

=
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gained by bearing down the long arm of the lever, which is
called prying. In the second kind the force is gained by
carrying the long arm in a contrary direction, and this is
called lifting. ’

Levers of the second kind are not so common as the first,
but are frequently used for certain purposes. The oars of a
boat are examples of the second kind. The water against
which the blade of the oar pushes, is the fulcrum, the boat-is
the weight to be moved, and the hands of the man the power.

Two men carrying a load between them on a pole, is also
an example of this kind of lever. Each man acts as the power
in moving the weight, and at the same time each becomes a
fulcrum in respect to the other. o '

If the weight happens to slide on the pole, the man towards
whom it goes, has to bear more of it in proportion as its dis-
tance from him is less than before.

Fig. 48. A load at e, fig. 48, is borne
1] z equally by the two men, being
= - equally distant from each ; but
at-b three quarters of its weight
would be on the man at that
end, because three quarters of .

the length of thie lever, would
be on the side of the other man. 2
In the third, and last kind of lever, the weight is placed at
one end, the fulcrum at the other end, and the power between
them, or the hand is between the fulcrum and the weight to
be lifted.
Fig.49. | This is represented by fig.
4 49, where ¢ is the fulcrum, a
: the power, suspended over the
pulley b, and d is the weight
¢ a to be raised.
v This kind of lever works to

] great disadvantage, since the
o

power must be greater than
the weight. 1t is therefore
seldom used, except in cases

W hat is the action of the first kind called? What is the action of
the second kind called? Give examples of the second kind of lever.
In rowing a boat, what is the fulcrum, what the weight, and what the
power? What other illustration of this principle is given? In the
third kind of lever, where are the respective places of the weight, pow-
er, and fulcrum ?
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where velocity and not force is required. In raising a ladder
from the ground to the roof of a house, men are obliged, some-
times to make use of this principle, and the great difficulty of
raising the ladder illustrates the mechanical disadvantage of
this kind of lever. -

We have now described the three kinds of. levers, and we
hope, have made the manner in which each kind acts, plain,
by illustrations. But to make the difference between them stil
more obvious, and to avoid all confusion, we will here com-
pare them together.

In the first kind, the weight, or resistance, is on the short
arm of the lever, the power, or hand, on the long arm, and the
fulcrum between them. In the second kind, the weight is
between the fulcrum, and the hand, or power; and, in the
third kind, the hand is between the fulerum and the weight.

o
2y

Fig. 51. Fig. 52.

7oy

K

O

In fig. 50, the weight and hand both act downwards. In
51, the weight and hand act in contrary directions, the hand
upwards, and the weight downwards, the weight being be-
tween. In 52, the hand and weight also act in contrary di-
rections, but the hand is between the fulcrum and the weight.

‘What is the disadvantage of thig kind oflever? Give an example of
the use of the third kind of lever. In what direction do the hand and .
weight act, in tho first kind of lever? In what direction do they act in
the second kind? In what direction do they act in the third kind ?

.
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Compound Lever. 'When several simple levers are connect-
“ed together, and act, one upon the other, the machine is
called a compound lever. In this machine, as each lever acts
as an individual, and with a force equal to the action of the
next lever upon it, the force is increased or diminished, and
becomes greater or less in proportion to the number or kind
of levers employed. .

We will illustrate this kind of lever by a single example,
but must refer the inquisitive student to more extended works
for a full investigation of the subject. )

Fig. 53. Fig. 53,
: represents a
é—y—p‘ﬂ compound
a

lever, “con-

sisting of 3
@ simple levers
’ ' of the first
O“ b / kind.

In calculating the force of this lever, the same rule applies,
which has been given for the simple lever, namely, the length
of the long arm is to be multiplied by the moving power, and
that of the short one, by the weight, or resistance. Let us
suppose, then, that- the three levers in the figure are of the
same length, the long arms being six inches, and the short
ones, two inches long, required, the weight which a moving
power of 1 pound at a will balance at . In the first place, 1
pound at'a, would balance 3 pounds at ¢, for the lever being
6 inches, and the power 1 pound, 6xX1=6, and the short one
being 2 inches, 2x3=6. The long arm of the second lever
. being also 6 inches, and moved with a power of 3‘pounds,
multiply the 3 pounds by 6 inches=18 ; and multiply the
length of the short arm, being 2 inches, by 9=18. These
two products being equal, the power upon the long arm of the
third lever, at d, would be 9 pounds. 9 poundsx6=54, and
27x2, is 54 ; so that 1 pound at @ would balance 27 at b. .

The increase of force is thus slow, because the proportion
between the long, aid short arms, is only as 2 to 6, or in the
proporticns of 1, 3, 9.

What is 2 compound lever? By what rule is the force of the com-
pound lever calculated? How many pounds weight will bo raised by
three levers connected, of eight inches each, with the fulcrum two inch~
es from the end, by a power of one pound?
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Now suppose the long arms of these levers to be 18 inches,
and the short ones 1 inch, and the result would be surprisingly
different, then 1 pound at @, would balance 18 pounds at ¢,
and the second lever would have a power of 18 pounds. This
being multiplied by the length of the lever, 183x18=324
pounds atd. The third lever would thus be moved by a power
of 324 pounds, which, multiplied by 18 inches for the weight
it would raise, would give 5832 pounds.

The compound lever is employed in the construction of
weighing machines, and particularly, in cases where great
weights are to be determined, in situations where other ma.
chines would be inconvenient, on account of their occupying
too much space.

Wheel and Azle.

The mechanical power, next to the lever in simplicity, is
the wheel and azle. This machine, though called simple, is,
however, much more complex than the lever. It consists of
two wheels, one of which is larger than the other, but the
small one passes through the larger, and hence both have a
common centre, on which they turn.

Fig: 54. The manner in which this
machine acts, will be understood
by fig. 54. The large wheel a,
on turning the machine, will
take up, or throw off as much
more rope than the small wheel
or axle b, as its circumference is
greater, If we suppose the dia-
meter of the large wheel to be
four times that of the small one,
then it will take up the rope four
times as fast. And because a is
four times as large as b, 1 pound at d will balance 4 pounds
at ¢, on the opposite side. .

The principle of this machine is that of the lever, as will
be apparent by an ‘examination of fig. 55.- -

a

If the long arms of the levers be 18 inches, and the short one, one
inch, how much will a power of one pound balance? In what machines
is the compound lever employed ? What advantages do these machines
possess over others? What is the next simple mechanical power to
the lever? Describe this machine, Explain fig. 54. On what princi-
ple does this machine act ?

7#
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Fig. 55. This figure represents the machine
endwise, so as to show in what manner
the lever operates. The two weights
hanging in opposition to each other, the
one on the wheel at «, and the other on
the axle at b, act in the same manner as
if they were connected by the horizontal
lever a b, passing from one to the other,
having the common centre, ¢, as a ful-
crum between them.

The wheel and axle, therefore, acts
like a constant succession of levers, the
long arm being half the diameter of the
wheel, and the short one half the diameter of the axle; the
common centre of both being the fulcrum. The wheel and
axle, has, therefore, been called the perpetual lever.

The great advantage of this mechanical arrangement is,
that while a lever of the same power, can raise a weight but a
few inches at a time, and then only in a certain direction, this
machine exerts a continual force,and in any direction wanted.
To change the direction, it is only necessary that the rope by
which the weight is to be raised, should be carried in a line
perpendicular to the axis of the machine, to the place below
which the weight lies, and there be let fall over a pulley.

Fig. 56. ) Suppose the wheel
and axle, fig. 56, is
erected in the third
story of a store house,

¢ With the axis over the
scuttles, or doors
through the floors, so
that goodscan be raised

by it from ghe ground
floor, in the direction

d of the weight a. Sup-
pose, also, that the same

store standson a wharf,

- where ships come up to

In fig. 55, which is the fulcrum, and which the two arms of the lever ?
What is this machine called, in reference to the principle on which it
acts? What is the great advantage of this machine over the lever and
other mechanical powers. Describe fig. 58, and point out the manner
__in which weights can be raised by letting fall a rope over the pulley.
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its side, and goods are to be removed from the vessels into the
upper stories. Iustead of removing the goods into the store,
and hoisting them in the direction of a, it is only necessary
to carry the rope b, over the pulley ¢, which is at the end of a
strong beam projecting out from the side of the store, and then
the goods will be raised in the direction of d, thus saving
the labor of moving them twice. .

The wheel and axle, under different forms, is applied to a
variety of common purposes.

Fig. 57. The capstan, in universal use, on
board of ships and other vessels, is
an axle placed upright, with a head,
or drum, a, fig. 57, pierced with
holes, for the levers b, ¢, d. The
weight is drawn by the rope e, pass-
ing two, or three times round the
axle to prevent its slipping.

This .is a very powerful, and con-
venient machine. When not in use,
the levers are taken out of their pla-
ces and laid aside, and when great force is required, two, or
three men can push at each lever.

The common windlass for drawing water, is another modi-
fication of the wheel and axle. The winch, or crank, by
which it isturned, is moved around by the hand, and there is
no difference in the principle, whether a whole wheel is tarned,
or a single spoke. The windlass, therefore, answers to the
wheel, while the rope is taken up, and the weight raised by
the axle, as already described.

- Fig.58. In cases where great
M1 ] weights are to be raised,

UL H pang it isrequired that the

. . machine should be as

small as possible, on ac-

count of room, the simple

wheel and axle, modified

as represented by fig. 58,
is sometimes used.

The axle may be con-
]sidered in two parts, one

What is the capstan, where is it chiefly used ? What are the pecu-
liar advantages of this form of the wheel and axle? In the common
windlass, what part answers to the wheel ?
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of which is larger than the other. The rope is attached by
its two ends to the ends of the axle, as seen in the figure.
The weight to be raised is attached to a small pulley, or
wheel, round which the rope passes. The elevation of the
weight may be thus described. Upon turning the axle, the
rope is coiled around the larger part, and at the same time it
is thrown off the smaller part. At every revolution, therefore,
a portion of the rope will be drawn up, equal to the circum-
ference of the thicker part, and at the same time a portion,
equal to that of the thinner part, will be let down. On the
whole, then, one revolution of the machine will shorten the
rope where the weight is suspended, just as much as the dif-
ference between the circumference of the two parts.
Fig. 59. Now to understand the principle on which
- this machine acts, we must refer to fig. 59,
\  where it is obvious that the two parts of the
rope a and b, are equally concerned in the
support of the weight d, and that the rope, as
the machine turns, passes from the small part
of the axle ¢, to the large part &, consequently
the weight does not rise in & perpendicular
line towards the centre of -both, ¢, but in a
line between the outsides of the large and
small parts. Let us consider what would be
the consequence of changing the-rope a to
4 the larger part of the axle, so as to place the
weight in a line perpendicular to the axis of
motion. In this case, it is obvious that the machine would
be in equilibrium, since the weight d, would be divided be-
tween the two sides equally, and the two arms of a lever pass-
ing through the centre ¢, would be of equal length, and there-
fore no advantage would be gained. But in the actual
arrangement, the weight being sustained equally by the large
and small parts, there is involved a lever power, the long arm
of which is equal to half the diameter of the large part, while
the short arm is equal to half the diameter of the small part,
the fulcrum being between them.

Explain fig. 58. Why is the rope shortened, and the weight raised 2
What is the design of fig. 597 Does the weight rise perpendicular to
the axis of motion > Suppose the cylinder was, throughout, of the same
size, what would be the consequence? On what principle does this
machine act? Which are the long, and short arms of the lever, and.
where is the fulcrum ?
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As the wheel and axle is only a modification of the simple
lever, so a system of wheels acting on each other, and trans-
mitting the power to the resistance, is only another form of
the compound lever.

Fig. 60.

Such a combination is
shown at fig. 60, The
first wheel, a, by means
of the teeth, or cogs
around its axle, moves
the second wheel, b,
with a force equal to that
of a lever, the long arm
of which extends from
the centre of the wheel
and axle to the circum-
ferencé of the wheel,

P where the power p, is

. suspended, and the short
arm from the same ‘centre to the ends of the cogs. The dot-
ted line ¢, passing through the centre of the wheel a, shows
the position of the lever, as the wheel now stands. The cen-
tre on which both wheels turn, it will be obvious, is the ful-
crum of this lever. As the wheel turns, the short arm of this
lever will act upon the long arm of the next lever by means of
the teeth on the circuimference of the wheel b, and this again
through the teeth on the axle of b, will transmit its force to
the circumference of the wheel d, and so by the short arm of
the third lever to the weight w. As the power, or small
weight falls, therefore, the resistance, w, is raised, wih the
multiplied force of three levers, acting on each other.

In respect to the force to be gained by such a machine,
suppose the number of teeth on the axle of the wheel a, to be
8ix times less than the number of those on the circumference
of the wheel b, then b would only turn round once, while a
turned six times. And in like manner, if the number of teeth
on the circumference of d, be six times greater than those on
the axle of b, then d would turn once, while b turned six

.times. Thus six revolutions of a would make b revolve once,

and six revolutions of b, would make d revolve once. There-
fore a makes thirty-six revolutions, while d makes only one.

On what principle does a system of whesls act, as represented in fig.
'60? Expldin fig. 60, and show -how the power, p, is transferred, by the
action of levers to w, .
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The diameter of the wheel a, being three times the diame-
ter of the axle of the wheel d, and its velocity of motion being
36 to 1, 3 times 36 will give the weight which a power of 1
pound at p, would raise at w. Thus 36X3=108. One
pound at p would therefore balance 108 pounds at w.

If the student has attended closely to what has been said
. on mechanics, he will now be prepared ‘to understand, that
no machine, however simple or complex it may be, can create
the least degree of force. It is true that one man with a
machine, may apply a force which a hyndtéd could not exert
with their hands, but then it would také him a hundred times
as long. ’

Suppose there are twenty blocks of stone to be moved a
hundred feet ; perhapd twenty men, by taking each a block,
would move them all in a minute. One man, with a capstan,
we will suppese, may move them .all at once, but this
man, with his lever, would have to make one revalution
- for every foat he drew.ihe whole load towards him, and: Fhere-
fore to make one hundred -reyolutions to perform the whole
work. It would also take him twenty times as long'te do it,
as it took the twenty men. His task, indeed, would be more
. than twenty times harder than that performed by-the twenty
men, for in addition to ghoving the sthne, he would have the
friction of the machinery to- overcome, which commonly
amounts to nearly one third of the force employed.

Hence there woiild be an actual loss of power by the use of
the capstan, thougl it might be a convenience for the one
man to do his work by its means, rather than to call in nine-
teen of his neighbours. to assist him.

The same principle holds good in respect to other machi-
nery, where the strength of man is employed as the power, or
prime mover. There is no advantage gained, except that of
convenience. In the use of the most simple of all machines,
the lever, and where, at the same time, there is the least force
lost by friction, there is no actual gain of power, for what
seems to be gained in force is always lost in velocity. Thus,
if a lever is of such length as to raise 100 pounds an inch by
the power of one pound, its long arm must pass through a

What weight will one pound at p,balance at w? Is there any actual
power gained by the use af hinery > Suppose 20 men to mové 20
stones to a certain distance with their hands, and one man moves them
back to the same place withh a capstan, which performs the most actual
labor? Why? Why then is machinery a convenienco ?
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space of 100 inches. Thus what is gaimed in one way is lost
in another. .

Any power by which a machine is moved, must be equal to
the resistance to be overcome, and, in all cases where the
power descends, there will be a proportion between the velo-
city with which it moves downward, and the velocity with
which the weight moves upwards. There will be no differ-
ence in this respect, whether the machine be simple or com-
pound, for if its force be increased by increasing the number
of levers, or wheels, the velocity of the moving power must
also be increased, as that of the resistance is diminished.

There being, then; always a propoition, between the velo-
«city with which the moving force descends, and that with
which the weight ascends, whatever this proportion may be,
it is necessary that.the power should have to the resistance
the same ratio that the velocity of the resistance has to thedif
velocity of the power. In other words, * The power multi- ~-
plied by the space through which it moves, in a vertical di-
rection, must be equal to the weight multiplied by the space
through which it moves, in the vertical direction.”

This law is known under the name of *‘ the law of virtual
velocities,” and is considered the golden rule of mechanics.

This principle has already been explained, while treating
of the lever, but that the student should want nothing to assist
him in clearly gomprehending so important a law, we will
again illustrate it in a different manner.

Fig. 61. Suppose a weight of ten pounds to be

o suspended on the short arm of the lever,

fig. 61, and that the fulcrum is only one

inch from the weight ; then, if the lever be

b ten inches long, on the other side of the
fulcrum, one pound at a would raise, or

balance, the ten pounds at 5. But in raising

the ten pounds one inch in a vertical direc-

tion, the long arm of the lever would fall

In the use of the lever, what proportion is there between the force of
the.short arm, and the velocity of the long arm? How is this illustra-
ted? It is said, that the veldtity of the power downwards, must Le in
proportion to6 that of the weight upwards? Does it make any differ-
ence, in this respect, whether the machine be simple, or compound ?
What is the golden rule of mechanics? Under what name is this law
known ? Explain fig. 61, and show how the ruloe is illustrated by that

figure. :
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ten inches in a vertical direction, and therefore the velocity of
a would be ten times the velocity of b.

The application of the law, or rule, isapparent. The pow-
er is 1 pound, and the space through which it falls is 10 inch-
es, therefore 10x1=10. The weight is 10 pounds, and the
space through which it rises is 1 inch, therefore 1xX10=10.

Thus the power, multiplied by the space through which it
moves, is exactly equal to the weight, multiplied by the space
through which it moves..

Fig. 62. Again, suppose the lever,

fig. 62, to be thirty inches
long, from the fulcrum to the
. point where the power p is
\ suspended, and that the
\ weight w is two inches from
{ the fulcrum. If the power
i be 1 pound, the weight must
i be fifteen pounds, to produce
{ equilibrium, and the power
i p must fall thirty inches, to

v / raise the weight w twoinch-
es. Therefore the power

being 1 pound, and the space' 30 inches, 30x1=30. The
weight being 15 pounds, and the space 2 inches, 15x2=30.

Thus the power, multiplied by the space through which it
falls, and the weight, multiplied by the space through which it
rises, are equal.

However complex the machine may be, by which the force
of a descending power is transmitted to the weight to be raised,
the same rule will apply, as it does to the action of the simple
lever. » :

The Pulley.
A pulley, consists of a wheel, which is grooved on the edge,

and which is made to turn on its axis, by a cord passing
over it.

Explain fig. 62, and show how the same rule is illustrated by it. .
What is said of the application of this rule to complex machines?
‘What is a pulley ?
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Fig. 63. Fig. 63, represents a simple pu
with a single fixed wheel. 1In o

forms of the machine, the wheel m

up and down, with the weight. -

- The pulley is arranged among the

simple mechanical powers, but when

several are connected, the machine is

called a system of pullies, ora compound

Epulley. :
One of the most obvious advantages

of the pulley is, its enabling men to exert
their own power, in places, where they cannot go themselves.
Thus, by means of a rope and wheel, a man can stand on the
deck of a ship, and,hoist a weight to the topmast.

By means of two fixed pullies, a weight may be raised up-
ward, while the power moves in a horizontal direction. The
weight will also rise vertically through the same space that

" the rope is drawn horizontally.

Fig. 64. Fig. 64 represents two fixed
pullies, as they are arranged for
such a purpose. In the erection
of a lofty edifice, suppose the
upper pulley to be suspended to
some part of the building ; then
a horse, pulling at the rope @,
would raise the weight » verti-
cally, as far as he went hori-
zontally. :

In the use of the wkheel of the
pulley, there is no mechanical
advantage, except that which
arises from removing the friction, and diminishing the imper-
fect flexibility of the rope. ,

In the mechanical effects of this machine, the result would
be the same, did it slide on a smooth surface with the same
ease that its motion makes the wheel revolve. '

The action of the pulley is on a different principle from that
of the wheel and axle. A system of wheels, as already ex-
plained, acts on the same. principle as the compound lever.

‘What is a simple pulley? What is a "system of pullies, or a com-
pound pulley? What is the most obvious advantage of the pulley?,
How must two fixed pullies be placed, to raise a weight vertically, ag”

far as the power goes horizontally? What is the advantage of the
wheel of the pulley ?
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. mechanical efficacy of a system of pullies, is-derived
ly from the division of the weight among the sirings em-
in suspending it. In the use of the single fixedpulley,
there can be no mechanical advantage since the weight rises
fast as the power descends. This is obvious by fig. 63 3
where it is also-apparent that the power and welght must be
exactly equal, to balance each other.
Fig. 65. In the single moveable pulley, fig. 65, the
) same rope passes from the fixed point a, to
————" the power p. It is evident, here, that the
weight is supported equally by the two parts
of the string between which it hangs.
Therefore, if we call the weight w, ten
pounds, five pounds will be supported by
one string, and five by the other. Fhe pow-
er, then, will support twice its own weight,
so that a person pulling with a force of five
pounds at p, will raise ten pounds at 1.
W The mechanical power, therefore, in respect
to the force, is as two to one.
Fig. 66. In this example, it is supposed there are only
7 two ropes, each of which bears an equal part of
the weight.
If the number of ropes be increased, the
( - weight may be increased, with the same power ;

he or the power may be diminished in proportion
as the number of ropes is increased. In fig.
66, the number of ropes sustaining the weight,
(- is four, and therefore, the weight may be four
times as great as the power. This principle
must be evident, since it is plain that each rope
sustains an equal part of the weight. The
weight may therefore be considered as divided
into four parts, and each part sustained by one
rope.
N In fig. 67, there is a system of pullies repre-
sented, in which the weight is sixteen times the
power,

How does the action of the pulley differ from that of
the wheel and axle ? Is there any mechanical advan-
ta%r in the fixed pulley? What weight at p, fig. 65,

balance ten pounds at w? Suppose the number of
ropes to be increased, and the weight increased, must
- the power be mcreued also ?
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The tension of the rope d, ¢, is. g
7 evidently equal to the power pdilike" -~ *

cause it sustains it: d, be Lot

moveable pulley, nfust sustaingg"
weight equal to twice the pow?

but the weight which it sustains,

is the tension of the second rope,

d, c. Hence the tension of the se-

cond rope is twice that of the first,

and, in like manner, the tension of

the third rope is twice that of the

second, and so on, the weight being

equal to twice the tensiom of the

last rope.

Suppose the weight w, to be sixa *»
teen pounds, then the two ropés '=.

8 and 8 would sustain just 8 pounds

each, this being the whole weight

divided equally between them.

The next two ropes, 4 and 4,

would evidently sustain but half

this whole weight, because the

other half is already sustained by
a rope, fixed at its upper end. The next two ropes sustain
but half of 4, for the same reason ; and the next pair, 1 and
1 for the same reason, will sustain only half of 2. Lastly, the
power, p, will balance two pounds, because it sustains but
half this weight, the other half being sustained by the same
rope, fixed at its upper end.

It is evident, that in this system, each rope and pulley
which is added, will double the effect of the whole. Thus,
by adding another rope and pulley beyond 8, the weight w
might be 32 pounds, instead of 16, and still be .balanced by
the same power. ”

In our calculations of the effects of pullies, we have allowed
nothing for the weight of the pullies themselves, or for the
friction of the ropes. In practice, however, it will be found,

Suppose the weight, fig. 66, to be 32 pounds, what will each rope
" bear? Explain fig. 67, and show what part of the weight each rope
sustains, and why 1 pound at p, will balence 16 pounds at w. Explain
the reason why each additional rope and pulley will double the effect
of the whole, or why its weight may be double that of all the others,
with the same power. :
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" that nearly one third must be allowed for friction, and that

power, therefore, must, to actually raise the weight up-
s, be about one third greater than has been allowed.

he pulley, like other machines, obeys the law of virtual
®elocitics, already applied to the lever and wheel. Thus, “in
a system of pullies, the ascent of the weight, or resistance, is
as many times less, than the descent of the power, as the
weight is greater than the power.” If, as in the last example,
the weight is 16 pounds, and the power 1 pound, the weight
will rise only ane foot, while the power descends 16 feet.

In the single fixed pulley, the weight and power are equal,
and consequently, the weight rises as fast as the power de-
scends.

With such a pulley, a man may raise himself up to the
mast head by his own weight. Suppos® a rope is thrown
over a pulley, and a man ties one end of it round his body,
and takes the other end in his hands. He may raise himself
up, because, by pulling with his hands, he has the power of
throwing more of his weight on that side than on the other,
and when he does this, his body will rise, Thus, although
the power and the weight are the same individual, still the
man can change his centre of gravity, so as to make the pow-
er greater than the weight, or the weight greater than the
power, and thus can elevate one half his weight in succession.

The Inclined Plane.

The fourth simple mechanical power is the inclined plane.
Fig. 68. This power consists of a plain,
smooth surface, which is inclined
ud towards, or from the earth. Itis
represented by fig. 63, where from
a to b is the inclined plane; the
line from d to a, is its fheight, and

b that from b to d, its base.
"d A board, with one end on the
ground, and the other end resting

on a block, becomes an inclined plane.

This machine, being both useful and easily constructed, is
in very general use, especially where heavy bodies are to be
raised only to a small height. Thus a man, by means of an

In compound machines, how much of the power must be allowed far
the friction? How may a man raise himself up by means of a rope and
single fixed pulley? What is an inclined plane ?
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inclined plane, which he can readily construct with a board,
or couple of bars, can raise a load into his wagon, which ten
men could not lift with their hands. ,

The power required to force a given weight up an inclined
plane, isin a certain proportion to its height, and the length’of
its base, or, in other words, the force must be in proportion to
the rapidity of its inclination. .

Fig. 69. The power p, fig. 69,
pulling a weight up the
inclined plane, from ¢ to
d, only raises it in a per-
pendicular direction from
eto d, by acting along
the whole length of -the
plane. If the plane be
twice as long as itis high,
that is, if the line from ¢ to d be double the length of that from
e to d, then one pound at p will balance two pounds any where
between d and ¢. It is evident, by a glance at fig. 69, that
were the base, that is, the line from e to ¢ lengtlened, the
height from ¢ to d being the same, that a less power at p,
would balance an equal weight any where on the inclined
plane; and so on the contrary, were the base made shorter,
that is, more steep, the power must be increased in proportion.

Fig. 70. Suppose two inclined planes,

~ fig. 70, of the same height,

with bases of different lengths;

w then the weight and power,

will be to each other as tha

4 Jength of the planes. If the

o length from a to b, is two feet,

and that from b to ¢, one foot,

then two pounds at d, will balance four pounds at w, and so in
this proportion, whether the planes be longer or shorter.

The same principle, with respect to the vertical velocities
of the weight and power applies to the inclined plane, in com-
mon with the other mechanical powers,

On what occasions is this power chiefly used ? Suppose a man wants
to load a barrel of cider into his waggon, how. does he make an inclined
plane for this purpose? To roll a given weight up an inclined plane,
to what must the force be proportioned? Explain fig. 69. If the
length of the long plane, fig. 70, be double that of the short one, what
must be the proportion between the power and the weight ?

*
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Fig. 71. Suppose the inclined plane, fig.
71, to be two feet from a to b, and
one foot from ¢ to b, then, as we
have already seen by fig. 69, a pow-
er of one pound at p, would balance
a weight of two pounds atw. Now
_ in the fall of the power to draw up
¢ ¢ | the weight, it is obvious that its
vertical descent must be just twice
S the vertical ascent of the weight 3
for the power must fall down the
distance from a to b, to draw the weight that distance; but
the vertical height to which the weight w, is raised, is only
from c to b. Thus the power, being two pounds, must fall two
feet, to raise the weight, four pounds, one foot. Thus, the
power and weight, multiplied by the several velocities, are
equal.

The Wedge.

The next simple mechanical power is the wedge. This
instrument may be considered as two inclined planes, placed
base to base. It is much employed for the purpose.of split-
ting, or dividing solid bodies, such as wood and stone, into
parts.

Fig. 72.

Fig. 72 represents such a wedge, as is usually
employed in cleaving timber. This instrument is
also used in raising ships and preparing them to
launch, and for avariety of other purposes. Nails,
awls, needles, and many cutting instruments, act
on the principle of the wedge.

There is much difficulty in estimating the pow-
er of the wedge, since this depends on the force,
or the number of blows given it, together with
the obliquity of its sides. A wedge of great ob-
liquity would require hard blows to drive it for-
: ward, for the same reason that a plane much in-
L 4 clined, requires much force to roll a heavy body

up it. “But, were the obliquity of the wedge, and

‘What is said of the application of the law of vertical velocities to
the inclined plane? Explain fig. 70, and shew why the power must
fall twice.as far as the weight rises. On what principle does the wedge
act? In what cases is this power useful? What common instruments
act on the principle of the wedge? W hat difficulty is there in estima-
ting the power of the wedge ?

Ly
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the force of each blow given, still it would be difficult to as-
certain the exact power of the wedge in ordinary cases, for in
the splitting of timber, and stone, for instance, the divided
parts act as levers, and thus greatly increase the power of the
wedge. Thus, in a log of wood, six feet long, when split
one half of its length, the other half is divided with ease, be-
cause the two parts act as levers, the lengths of which constant--
ly increase, as the cleft extends from the wedge.

The Screw.

The screw is the fifth and last simple mechanical power.
It may be considered a modification of the inclined plane, or
as a winding wedge. It is an inclined plane running spirally

Fig. 73. round a spindle, as will be obvious
i by fig. 73. Suppose a to be a piece

a4 of paper cut into the form of an in-

clined plane, and rolled round the

. piece of wood d; its edge would

. form the spiral line, called the thread
of the screw.

, If the finger be placed between

b the two threads of a screw, and the

_ screw be turned round once, the
finger will be raised upward equal to the distance of the two
threads apart. In this manner the finger is raised up the in-
clined plane, as it runs round the cylinder.

Fig. 74. The power of the screw is trans-
mitted and employed by means of
ﬁ:_ another screw called the nut, through
7 which it passes. This has a spiral
groove running through it, which

exactly fits the thread of the screw.
If the nut is fixed, the screw itself,
on turning it round, advances forward ;
but if the screw is fixed, the nut, when

turned, advances along the screw.

Fig. 74 represents the first kind of
— screw, being such as js commonly
used in pressing paper, and other sub-

4

On what principle does the screw act?  How is it shown that the
screw is a modification of the inclined plane? Explainfig.74. Which
is the screw, and which the nut?
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stances. The nut n, through which the screw passes, ans-
wers also for one of the beams of the press. If the screw be
turned to the right, it will advance downwards, while the nut
stands still. .

A screw of the second kind is
represented by fig. 75. In this,
the screw is fixed, while the nut »
by being turned by the lever /, from
left toright, will advance down the
BCTEW.

In practice, the screw is never

used as a simple mechanical ma-
chine ; the power being always ap-
-plied by means of a lever, passing
through the head of ‘the screw, as
in fig. 74, or imto the nut, as in fig.
75,
. The screw, therefore, acts with
the combined power of the inclined plane and the lever, and
its force is such as to be limited only by the strength of the
materials of which it is made.

In investigating the effects of this machine, we must, there-
fore, take into account both these simple mechanical powers,
so that the screw now becomes really a compound engine.

-In the inclined plane, we have already seen, that the less
itis inclined, the more easy the ascentup it. In applying the
same principle to the screw, it is obvious, that the greater the
distance of the threads from each other, the more rapid the
inclination, and, consequently, the greater must be the power
to turn it, under a given weight. On the centrary, if the
thread inclines downwards but slightly, it will turn with less
power, for the same reason, that a man can roll a heavy weight
up a plane but little inclined. Therefore, the finer the screw,
or the nearer the threads to each other, the greater will be the
pressure under a given power.

Let us suppose two screws, the one having the threads one
inch apart, and the other half an inch apart; then the force
which the first screw will give with the same power at the

Which way must the screw be turned, to make it advance through
the nut ? How does the screw, fig. 75, differ from fig. 74? Is the
screw ever used as a simple machine? By what other simple power is
it moved? What two simple mechanical powers are concerned in the
force of the screw? Why does the nearness of the threads make a dif-
ference in the force of the screw ?
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lever will be only half that given by the second. The second
screw must be turned twice as many times round as the first,
to go through the same space, but what is lost in velocity is
gained in power. At the lever of the first, two men would
raise a given weight to a given height by making one revolu-
tion; while at the lever of the second, one man would raise
the same weight to the same height, by making two revolu-
tions.

It is apparent that the length of the inclined plane, up
which a body moves in one revolutior, is the circumference
of the screw, and its height, the interval between the threads,
The proportion of its power would-therefore be *¢as the cir-
cumference of the screw, to the distance between the threads,
so is the weight to the power.”

By this rule, the power of the screw alone can be found ;
but as this machine is moved by means of the lever, we must
estimate its force by the combined power of both. In this
case, the circumference described by the end of the lever em-
ployed, is taken, instead of the circumference of the screw
itself. The means by which the force of the screw may be
found, is therefore by multiplying the circumference which the
lever describes by the power. Thus ‘the power multiplied
by the circumference whieh it describes, is equal to the weight
or resistance, multiplied by ‘the distance between the two con-
tiguous threads.”” Hence the efficacy of the screw may be
increased, by increasing the length of the lever by which it is
turned, or by diminishing the distance between the threads.
If then, we know the length of the lever, the distance between
the threads, and the weight to be raised, we can readily cal-
culate the power ; or, the power being given, and the distance
of the threads and the length of the lever known, we can es-
timate the weight the screw will raise.

Thus, suppose the length of the lever to be forty inches, the
distance of the threads one inch, and the weight 8,000 pounds ;
required the power, at thre end of the lever, to raise the weight.

"The lever being 40 inches, the diameter of the circle, which

Suppose one screw, with its threads one inch apart, and another half
an inch apart, what will be their difference in force ? What is the length
of the inclined plane up which a body moves by one revolution of the
screw ? What would be the height to which the same body would move
at one revolution? How is the force of the screw estimated? How
may the efficacy of the screw be increased? The length of the lever,
the distance between the threads, and the weight, being known, how
can the power be found? Give an example,
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the énd describes, is 80 inches. The circumference is a lit-
tle more than three times the diameter, -but we. will call it
‘just three times. Then 80x3=240 inches, the circumfer-
ence of the circle. The distance of the threads is1 inch, and
the weight 8,000 pounds. ‘I'o find the power, multiply the
weight by the distance of the threads, and dmde by the cir-
cumference of the circle. Thus .
circum, in. weight, power.
240 : 1 . :: 80000 = 443

The power at the end of the lever must therefore be 44}
pounds. In practice this power would require to be i increas-
ed about one third, on account of friction.

The force of the screw is sometimes employed to turn a

wheel, by acting on its teeth In this case it is called the -

crpetual screw.

Fig. 76." Fig. 76 represents such a 'ma- .
3_C_chine. Itisapparent, thatby tarn.-

ing the crank ¢, the wheel will re-

volve, for the thread of the screw
. passes between the cogs of the

wheel. By means of an axle
through the centre of this wheel,
like the common wheel and axle
this becomes an exceedingly pow-
erful machine, but like all other
contrivances for obtaining great
power, its effective motion is ex-
ceedingly slow. It has however
some disadvantages, and particularly the great friction between
the thread of the screw and the teeth of the wheel, which pre-
vents it from being generally employed to raise wexghts

We have now enumerated and described all the mechani-
cal powers usually denominated simple. They are five in
number, namely, the Lever, Wheel and Axle, Pulley, Wedge,
Inclined Plane, and Screw.

In respect to the principle on which they act, they may be
resolved into three simple powers, namely, the lever, the in-
clined plane, and the pulley; for it has been shewn that the
wheel and axle is only another form of the lever, and that the
screw is but a modificatién of the inclined plane

1

What is the screw called when it is employed to turn a wheel? What
is the objection to this machine for raising weights? How many sim-
ple mechanical powers are there? and what are they called? How can
they be resolved into three simple powers?
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It is surprising indeed, that these simple powers can be so
arranged and modified as to produce the different actions in
all that vast variety of intricate machinery which men have
invented and constructed.

The variety of motions we witness in the little engine which
makes cards, by being supplied with wire for the teeth, and

- strips of leather to stick.them through, would itself seem to

involve more- mechanical powers than those enumerated.
This engine takes the wire from a reel, bends it into the form
of teeth; cuts it off; makes two holés in the leather for the
tooth to pass through sticks it through ; then gives it another
bend, on the opposite side of the leather; graduates the spa-
ces between the rows of teeth, and between one tooth and an-
other; and at the same time carries the leather backwards
and forwards, before the point where the teeth are introduced,
wigh a motion so exactly corresponding with the motions of
.the parts which make and stick the teeth, as not to produce
the difference of a hair’s breadth in the distance between
them.

 All this is done without the aid of human hands, any far-
ther than to put the leather in its place, and turn a crank ; or
in some instances many of these machines are turned at once,
by means of three or four dogs, walking on an inclined plane
which revolves.

Such a machine displays the wonderful ingenuity and per-
severance of man, and at first sight would seem (o set at
naught the idea that the lever and wheel were the chief sim-
ple powers concerned in 1ts motions. But when these mo-
tions are examined singly and deliberately, we are soon con-
vinced that the wheel, variously modified, is the principal me-
chanical power in the whole engine.

It has already been stated, that notwithstanding the vast
deal of time and ingenuity which men have spent on the con-
struction of machinery, and in attempting to multiply their
powers, there has, as yet, been none produced, in which the
power was not obtained at the expense of velocity, or of vela-
city at the expense of power; and therefore no actual force is
ever generated by machinery.

Suppose a man able to raise a weight by means of a com-
pound pulley of ten ropes, which it would take ten men to

W hat is said of the card-making machine? What are the chief me-
chanical powers concerned in its motions? Is there any actual force
generated by machinery > Can great velocity and great force be produ-
ced by the same machinery? Why not? :
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~ raise by one rope, without pulleys. If the weight is to be rais-

ed a yard, the ten men by ‘pulling their rope a yard will do the
work. But the man with the pulleys must draw his rope ten
yards to raise the weight one yard, and in addition to this, he
has to overcome the friction of the ten pulleys, making about
one third more actual labar than was employed by the ten
men. But notwithstanding these inconveniences, the use of
machinery is of vast importance to the world.

On board of a ship, a few men will raise an anchor with a
capstan, which it would take ten or twenty times the same
nuimnber to raise without it, and thus the expense of shipping
men expressly for this purpose is saved.

One man with a lever, may move a stone which it would
" take twenty men to move without it, and though it should take
him twenty times as long, he would stll be the gainer, since
it would be more convenient, and less expensive for him todo
the work himself, than to employ twenty others to do it for
him.

When men employ the natural elements as a power to over-
come resistance by means of machinery, there is a vast saving
of animal labor. Thus mills, and 4ll kinds of engines, which
are kept in motion by the power of water, or wind, save ani-
mal labor equal to the power it takes to keep them in motion.

HYDROSTATICS.

Hydrostatics is the science which treats of - the weight,
peessure, and equilibrium of water, or other fluids, when in a
state of rest.

Hydraulics- is that part of the science of fluids which
treats of water in motion, and the means of raising and con-
ducting it in pipes, or otherwise, for all sorts of purposes.

The subject of water at rest, will first claim investigation,
since the laws which regulate its motion will be best under-
stood by first comprehending those which_ regulate its pres-
sure. :

A fluid is a substance whose particles are easily maved
among each other, as air and water.

‘Which performs the greatest labor, ten men ‘who lift a weight with
their hands, or one man who does the same with ten pulleys? Why?

‘What is hydrostatics? How does hydraulics differ from hydrostatics ?
Whatis a fluid ? -
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air is called an elastic fluid, because it is easily com-

-pressed into a smaller bulk, and returns again to its original
state when the pressure is removed. Water is called a non-
elastic fluid, because it admits of little diminution of bulk un-
der pressure.

T'he non elastic fluids, are perhaps more properly called li-
quids, but both terms are employed to signify water and other
bodies possessing its mechanical properties. The term fluid,
when applied to the air, has the word elastic before it. One
of the most obvious properties of fluids, is the facility with
which they yi-ld to the impressions of other bodies, and the

rapidity

with which they recover their former state, when the

pressure is removed. ‘T'he cause of this, is apparently the
freedom with which the particles of liquids slide over, or among
each other ; their cohesive attraction being so slight as to be
overcome by that of gravity. On this want of cohesion among
their particles seem to depend the peculiar mechanical pro-
perties of liquids.

In solids, there is such a connection between the particles,
that if one part moves, the other part must move also. But
in fluids, one portion of the mass may be in motion, while the

other is

atrest. In solids,the pressure is always downwards,

or towards the centre of the earth’s gravity ; but in fluids the
particles seem o act on each other as wedges, and hence when
confined, the pressure is sideways, and even upwards, as well
as downwards.

Fig. 77.

Water has commonly been called a non-elastic sub-
stance, but it is found that under great pressure its
volume is diminished, and hence it is proved to be
elastic. The most decisive experiments on this sub-

b ject were made within a few years by Mr. Perkins.

The experiment was made by means of a hollow
cylinder, fig. 77, which was closed at the bottom, and

F amade water tight at the top, by a cap, screwed on.

—

Through this cap at a, passed the rod b, which was
five sixteenths of an inch in diameter. The rod was
so nicely fitted to the cap, as also to be water tight.
Around the rod at ¢, there was placed a flexible ring,
which could be easily pushed up or down, but fitted
80 ‘;:Iosely as to remain on any part where it was pla-
ced. :

‘What is an elastic flaid? Why is air called an elastic fluid> What
substances are called liquids? What is one of the most. obvious proper-
ties of liquids? On what do the peculiar mechanical properties of flu-
ids depend? ’

9
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A cannon of sufficient size to receive this cylinder, which
was three inches in diameter, was next furnished with a strong
cap and forcing pump, and set vertically into the ground. The
cannon and cylinder were next filled with water, and the cy-
linder, with 1ts rod drawn out, and the ring placed down to
the cap, as in the figure, was plunged into the cannon. The
water in the cannon was then subjected to an immense pres-
sure by means of the forcing-pump, after which, on examina-
tion of the apparatus, it was found that the ring ¢, instead of
being where it was placed, was eight inches up the rod. The
water in the cylinder being compressed into a smaller space,
by the pressure of that in the cannon, the rod was driven in,
while under pressure, but was forced out again by the expan-

sion of the water, when the pressure was removed. Thus the -

ring on the rod would indicate the distance to which it had
been forced in, during the greatest pressure.

This experiment proved that water under the pressure of
" one hundred atmospheres, that is, the weight of 1500 puunds
to-the square inch, was reduced in bulk about one part in a
hundred. )

So slight a degree of elasticity is not appreciable under or-
dinary circumstances, and therefore in practice, or in com-
mon experiments on this fluid, it is considered as non-elastic.

Egual pressure of water.

The particles of water, and other fluids, when confined,
press on the vessel which confines them, in all directions, both
upwards, downwards, and sideways.

From this property of fluids, together with their weight, or
gravity, very unexpected and surprising effects are produced.

The effect of this property, which we shall first examine is,
that a quantity of water, however small, will balance another
* quantity however large. Such a proposition at first thought

seems very difficult to prove. But on examination, we shall -

find that an experiment with a very simple apparatus will con-
vince any one of itstruth. Indeed, we every day sce this prin-
ciple established by actual experiment, as will be seen di-
rectly. :

In what respect does the pressure of a fluid differ from that of a sol-
id? Is water an elastic, or a non-elastic fluid? Describe fig. 77, and
shew how water was found to be elastic. In what proportion does the
bulk of water diminish under a pressure of 1500 pounds to the square
inch? In common experiments, is water considered elastic, or non-
elastic’ When water is confined, in what directions does it press?
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Fig.78. Fig. 78 represents a common coffee-pot,

supposed to be filled up to the dotted line a,
) with coffee, or any other liquid. The cof-
/ fee, we know, stands exactly at the same
height both in the body of the pot, and in its
nose. Therefore the small quantity in the

nose balances the large quantity in the pot,
or presses with the same force downwards,
as that in the body of the pot presses upwards. This is ob-
viously true, otherwise, the large quantity would sink below
the dotted line, while that in the nose would rise above it,
and run over.
Fig. 19.

The same principle is more strikingly
illustrated by fig. 79.

Suppose the cistern @, to be capable
of holding one hundred gallons, and into
its bottom there be fitted the tube b, bent as
seen in the figure, and capable of contain-
ing one gallon. The tops of the cistern
and tube being open, pour water into the
tube at ¢, and it will rise up through the
perpendicular bend into the cistern, and if
the processbe continued, the cistern will be
filled by pouring water into the tube. Now it is plain that the
‘gallon of water in the tube, presses against the hundred gal-
lons in the cistern with a force equal to the pressure of the
hundred gallons, otherwise that in the tube would be forced
upwards higher than that in the cistern, whereas we find that
the surfaces of both stand exactly at the same height.

From these experiments we learn, ‘‘that the pressure of a
fluid is not in proportion to its quantity, but to its height, and
that a large quantity of water in an open vessel, presses down-
wards no more than a small quantity of the same height.”

In this respect, the size or'shape of the vessel is of ho con-
sequence, for if a number of vessels differing entirely from
each other in figure, position, and capacity, have a communica-
tion made between them, gnd one be filled with water, the sur-

How does the experiment with the coffee pot shew that a small quan-
tity of liquid will balance a large one? Explain fig. 79, and shew how
the pressure in the tube is equal to the pressure in the cistern. What
conclusion, or general truth, is to be drawn from these experiments?

* What difference does the shape or size of a vessel make in respectto .
the pressure of a fluid on its bottom ? v

*
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face of the fluid in all will be at exactly the same elevation.
If therefore, the water stands at an equal height in all, the
pressure in one must be just equal to that in another, and s0
equal to that'in all the others. -

Fig. 80.
6 5 4 3 2 7 a
Y.
o
JO —
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To make this more obvious, suppose a number of vessels, of
different shapes and sizes, as represented by fig. 80, to have
a communication between them by means of a small tube pass-
ing from one to the other. 1f now, one of these vessels be fill-
ed with water, or if water be poured into the tube a, all the
other vessels will be filled at the same instant up to the line
b, c. Therefore, the pressure of the water in a, balances that
in 1,23, &c., while the pressure in each of these vessels
is equal to that in the other, and so an equilibrium is produced
throughout the whole series.

If an ounce of water be now poured into the tube a, it
will produce a pressure on the contents of all the other ves-
sels, equal to the pressure of all the others on the tube; for,
it will force the water in all the other vessels to rise upwards
to an equal height with that in the tube itself. Hence we
must c..lculate, that the pressure in each vessel is not only
equal to that in any of the others, but also that the pressure in
any one, is equal to that in all the others.

From all this we learn, that the shape or size of a vessel has
no influence on the pressure of its liquid conterfts, but that the
pressure of water is as its height, whether the quantity be great
or small. Welearn also, that in ne case will a quantity of flu-
id, however large, force another quantity, however small, above
the level of its own surface.

Explain fig. 80, and shew how the equilibrium is produced. Sup-
pose an ounce of water be poured into the tube a, what will beits effect
on thé contents of the other vessels? W hat conclusion is to be drawn
from pouring the ounce of water into the tube a?
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This is proved by experiment; for if, from a pond situated
on a mountain, water be conveyed in an inch tube to the valley
an hundred feet below, the water will rise just a hundred feet
in the tube; that is, exactly to the level of the surface of the
pond. Thus the water in the pond, and that in the tube, press
equally against each other; and produce an exact equilibrium.

_Thus far we have considered fluids as acting only in vessels
with open mouths, and therefore a lihel)ty to seek its balance,
or equilibrium by its own gravity. Its pressure, we have seen,
is in proportion to its height, and not its bulk.

Now by other experiments it is ascertained that the pres-
sure of a liquid is in proportion to its height, and the quantity
of surface on which it acts at the base.

Fig. 81. Suppose a vessel ten feet high, and

— two feet in diameter, such as is repre-
* sented at a, fig. 81, to be filled with
water; there would be a certain amount
of pressure, say at ¢, near the bottom.
Let d represent another vessel, of the
same diameter at the bottom, bat only
a foot high, and closed at the top.
Now if a small tube, say the fourth of
an inch in diameter, be inserted into
the cover of the vessel d, and this tube
be carried to the height of the vessel
‘ a, and then the vessel and tube be fill-

VA . ed with water, the pressure on the bot-

- toms and sides of both vessels will be
equal, and a jet of water starting from d, and ¢, will have ex-
actly the same force.

This might at first seem improbable, but to convince our-
selves of its truth, we have only to consider that any impres-
sion made on one portion of the conflned fluid in the vessel
d, is instantly communicated to the whole mass. Therefore
the water in the tube b presses with the same force on every
other portion of the water in d, as it does on that small portion
over which it stands.

This principle is illustrated in a very striking manner by
the experiment, which has often been made, of bursting the

What is the reason tl large quantity of water will not force a
small quantity above its oWl level? Is the force of water in proportion
to its height, or its quantity? How is a small quantity of water shown
to press equal to a large quantity by fig. 812 Explain the reason why
the pressure is as great at d,as at c. .

9%
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strongest wine cask that can be found, with a few ounces of
water.

Fig. 82. Suppose a, fig. 82, to be astrong cask already

Y filled with water, and suppose the tube b thirty

feet high, to be screwed, water tight, into its

head. Whep, water is poured into the tube, so

as to fill it gradually, the cask will show increas-

ing signs of spressure, by emitting the water

through the pores of the wood, and between the

b joints : and finally as the tube is filled, the cask
will burst asunder,

Thesame apparatus will serve to lllustrate the
upward pressure of water; for if a small stop-
cock be fitted to the upper head, on turning this,
when the tube is filled, a jet of water will spout
up with a furce, and toa height that will aston-
ish all who never before saw such an experi-
ment.

In theory, the water will spout to the same
height with that which gives the pressure, but in practice, it
is found to fall short, in the following proportions :

If the tube be twenty feet high, and the orifice for the jet
half an inch in diameter, the water will spout nearly nineteen
feet. If the tube be fifty feet high, the jet will rise upwards
of forty feet; and if an hundred feet, it will rise above eighty
feet. It is understood in every case, that the tubes are to be
kept full of water.

The height of these jets shew the astonishing effects thata
small quantity of fluid produces when preé‘smg from a perpen-
dicular elevation.

An instrument called the hydroslatlc bellows, also shows,
in a striking manner, the great force of a small quantity of
water, pressing in a perpendlcular direction.

This instrument consists of two boards, connected together
with strong leather, in the manner of the common bellows.
It is then furnished with a tube q, fig. 83, which communi-
cates between the two boards. A person standing on the
upper board, may raise himself up by pouring water into the
tube, If the tube holds an ounce of water, and has an area

How is the same principle illustrated b& 82? How is the upward
pressure of water illustrated by the same apparatus? Under the pres-
sure of a column of water twenty feet high, what will be the height of
- the jet? Under a prgssure of a hundred feet, how high will it rise?
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W . - equal to a thousandth’ part of the area
» of the top of the bellows, one ounce of
water in thetube will balance a thousand

a ounces placed on the bellows.

This property of water was applied
by Mr. Bramah to the construction of
his hydraulic press. But instead of a
high tube, of water, which in niost ca-
ses could not be readily obtained, he
substituted a strong forcing pump, and
instead of the leather bellows, a metallic
pump barrel, and piston,

This arrangement will be un-

i derstood by fig. 84, where the
e=—=———3 pump barrel, a, b, is represented

as divided lengthwise, in order
to shew the inside. The piston
¢, is fitted so accurately to the
barrel, as to work up and down
water tight; both barrel and
piston being made of iron. The
thing to be broken, or pressed,

is laid on the flat surface ¢, there
being above this, a strong frame to meet the pressure, not
shown in the figure. 'The small forcing pump, of which d1s the
piston, and A the lever by which it is worked, is also made of
iron.

Now suppose the space between the small piston and the
large one, at w, to be filled with water, then, on forcing down
the small piston, d, there will be a pressure against the large
piston, ¢, the whole force of which will be in proportion as the
aperture in which ¢ works, is greater than that in which d
works. If the piston d is half an inch in diameter, and the
piston ¢, one foot in diameter, then the pressure on ¢ will be
576 times greater than that on d. ‘Therefore, if we suppose
the pressure of the small piston to be one ton, the large piston

strument designed to sho Explain fig. 84. Where is the piston?
Which is the pump barrel, m which it works? In the hydrostatic press,
what is the proportion between the pressure given by the small piston,
and the force exerted on the large one ?

What is the hydrostatic!qws? What property of water is this in-

Wl

Cogg,
oo
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will be forced up against any resistapce with a pressure equal
to the weight of 576 tons. It would be easy for a single man
to give the pressure of a ton at d, by means of the lever, and
therefore a man, with this engine, would be able to exerta
force equal to the weight of near 600 tons. .

It is evident, that the force to be obtained by this principle,
can only be limited by the strength of the materials of which
the engine is made. Thus, if a pressure of two tons be given
to a piston, the diameter of which is only a quarter of an inch,
the force transmitted to the other piston, if three feet in dia-
meter, would be upwards of 40,000 tons ; but such a force is
much too great for the strength of any material with which we
are acquainted.

A small quantity of water, extending to a great elevation,
would give the pressure above described, it being only for the
sake of convenience, that the forcing pump is employed, in-
stead of a column of water.

There is no doubt, but in the operations of nature, great
effects are sometimes produced among mountains, by a small
quantity of water finding its way to a reservoir in the crevices
of the rocks far beneath.

Fig. 85. Suppose in
the interior of
a mountain, fig.
85, there should
be a space of
ten yards
square, and an
inch deep, filled
with water, and
closed up on all
~ N sides; and sup-

e e pose that in the
course of time, a small fissure, no more than an inch in dia-
meter should be opened by the water, from the height of two
hundred feet above, down to this little reservoir. The con-
sequence might be, that the side of the mountain would burst
asunder, for the pressure, under the circumstances supposed,
would be equal to the weight of five thousand tons.

What is the estimated force which a m uld give by one of these
engines? Ifthe pressure of two tons be made on a piston of a quarter of
aninch in diameter, what will be the force transmitted to the other pis-
ton of three feet in diameter? What is said of the pressure of water

. in the crevices of mountains, and the consequences:?

-~ -

S
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Water Lgvel.

We have seen, that in whatever situation water is placed,
it always tends to seek a level. Thus, if several vessels, com-
municating with each other be filled with water, the fluid will
be at the same height in all, and the level will be indicated by
a straight line drawn through all the vessels, as in fig. 80.

It is on the principle of this tendency, that the little instru-
ment called the water level is constructed.

Fig. 86. - One form of this instru-

ment is represented by fig.

c 86. Itconsistsof a b, a

tube, with its two ‘ends

B turned at right angles, and

- bl ‘ da leftopen. Into one of the

ends is poured water, or mercury, until the fluid rises a little

above the bends of the tube. On the surface of the fluid, at

each end, are then placed small floats, carrying uptight frames,

across which are drawn small wires or hairs, as seen at ¢,

and d. These hairs are called the sights, and are across the
line of the tube.

It is obvious that this instrument will always indicate a le-
vel, whea the floats are at the same height, in respect to each
other, and not in respect to their comparative heights in the
ends of the tube, for if one &nd of the instrument be held
lower than the other, still the floats must always be at the
same height. To use this level, therefore, we have only to
bring the two sights, so that one will range with the other ;
and on placing the eye at ¢, and looking towards d, this is
determined in a moment.

The level is indispensable in the construction of canals and
aqueducts, since the engineer depends entirely on it, to ascer-
tain whether the water can be carried over a given hill or
mountain.

Fig. 87. The comman spirit level consists of

e a glass tube, fig. S7, filled with spirit of
,IEF wine, excepting a small space in which
there is left a bubble of air.  This

bubble, when the instrument is laid on

P

I

On what principle is the water-level constructed ? Describe the
manner 1n which the level with sights is used, and the reason why the
floats will always be at the same height. What is the use of the level ?
Describe the common spirit level, and the method of using it.
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* alevel surface, will be exactly in the middle of the tube, and
therefore to adJust a level, it is only necessary to brmg the
bubble to this position.

The glass tube is inclosed in a brass case, which is cut out
on the ,upper side, so that the bubble may be seen, as repre-

_ sented i the figure,

This instrument is employed by builders to level their
work, and is highly convenient for that purpose, since it is
en}y necessary to lay it on a beam to try its level.

" Specific Gravity Y-
Al

If a tumbler be filled with water to the brim, and gmie]
any ‘other solid, be dropped into it, a quantity of the ful i
© actly ‘equal to the egg, or other solid, will be displaend; and
"will' flgw over the side of the vessel. Bodies whith:sink in
water, therefore, displace a quantity of the ﬂtnd v{ual to their
vown “bulk.

- Now it is found, by experiment, that. when any substance
ir_smks in water, it loses, wiile in thefluid, a:portion of its

‘weight, just equal to the: ng.h 1 s f water which it

,‘,dupiaces This is. readily 1ade vident by ,experiment.
[EP Fig. 86. - Take a'piece of ivory, or
N oihiet substance that will
ink in water, and weigh it
-accurately in the usual man-
ner ; then suspend it by a
thread, or hair, in the empty
cup a, fig. 88, and then bal-
ance it, as shown=in the fig-
ure. Now pour water into
the cup, and it will be found
that the suspended body will
lose a part of its weight, so
that a certain number of grains must be taken from the oppo-
site scale, in order to make the scales balance as before the
water was poured in. The number of grains taken from the
opposite scale, it is evident, must show the weight of a quantity
of water equal to the bulk of the body so suspended.

When a solid is weighed in wa.ter, why does it lose a part of its
weight 2 How much less will a cubic inch of any substance weigh in
water than inair? How is it proved by fig. 88, thata body weighs less
in water, than in air? What is the specific gravity of a body? How
are the specific gravities of solid bodies taken ?
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It is on the principle, that bodies weigh less in the water,
than they do when weighed out of it, orin the air, that water
becomes the means of ascertaining their specific gravities, for
it is by comparing the weight of a body in the water, with what
it weighs out of it, that its specific gravity is determined.

Thus suppose a cubic inch of gold weighs 19 ounces, and a
cubic inch of water one ounce. .If the gold, on being weigh-
ed in the water weighs only 18 ounces, or loses a nineteenth
part of its weight, it will prove that gold, bulk for bulk is
nineteen times heavier thaw water, and-thus 19 would be the
specific gravity of gold. And so if a cube of copper weigh 9
ounces in the air, and only 8 ounces in the water, then copper,
bulk for bulk, is 9 times as heavy as water, and therefore has -
a specific gravity of 9.

If the body weighs less, bulk for bulk than water, it is obvi-
ous it will not sink in it, and therefore weights must be added
to the lighter body, to ascertain how much less it weighs than
water,

The specific gravity of a body, then, is merely the number
of times it weighs, more or less than the same bulk of water ;
and water is thus made the standard by which the weights of
all other bodies are compared.

To take the specific gravity of a solid which sinks in water,
first weigh the body in the usual manner, and note down the
number of grains it weighs. Then with a hair, or fine thread,
suspend it from the bottom of the scale-dish, in a vessel of
water, as represented by fig. 88. As it weighs less in water,
weights must be added to the side of the scale where the body
is suspenffed, until they exactly balance each other. Next
note down the number of grains so added, and they will show
the difference between the weight of the body in air, and in
water,

Itis obvious, that the greater the specific gravity of the body,
the less, comparatively, will be this difference, because each

- body displaces only its own bulk of water, and some bodies of
the same bulk, will weigh many times as much as others.

For example, we will suppose that a piece of platina, weigh-
ing 22 ounces, will displace an ounce of water, while a piece
of silver, weighing 22 ounces, will displace two ounces of
water. -The platina, therefore, when suspended as above de-
scribed, will require one ounce to make the scales balance,

Why does a heavy body weigh comparatively less in the water, than
alightone?
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while the same weight of silver will require two ounces for
the same purpose. The platina, therefore, bulk for bulk, will
weigh twice as much as the silver, and will have twice as
much specific gravity.

Having noted down the difference between the weight of
the body in air and in water, as above explained, the specific
gravity is found by dividing the weight in air, by the loss in
water. The greater the loss, therefore, the less will be the
specific gravity. .

Thus, in the above example, 22 ounces of platina was sup-
posed to lose one ounce in water, while 22 ounces of silver
lost two ounces in water. Now 22, divided by 1, the loss of
the platina, is 22 ; and 22 divided by 2, the loss in the silver,
is 11. So that the specific gravity of platina is 22, while that
of silver is 11. The specific gravities of these metals, are,
however, a little less than here estimated.

Hydrometer.

The hydrometer is an instrument, by which the specific -

gravities of fluids are ascertained, by the depth to which it
sinks below their surfaces.

Suppose a cubic inch of lead loses, when weighed in water,
253 grains, and when weighed in alcohol, only 209 grains,
then according to the principle already recited, a cubic inch
of water actually weighs 253, and a cubic inch of alcohol
209 grains, for when a body is weighed in a fluid, it loses just
the weight of the fluid it displaces.

Water, as we have already seen, is the standard by which
the weights of other bodies are compared, and by as¢ertaining
what a given bulk of any substance weighs in water, and then
what it weighs in any other fluid, the comparative weight of
water and this fluid will be known. For if, as in the above
example, a certain bulk of water weighs 253 grains, and the
same bulk of alcohol only 209 grains, then alcohol has a spe-
cific gravity. nearly one fourth less than water.

It is on this principle that the hydrometer is constructed.

Having taken the difference between the weight of a body in air and
in water, by what rule is its specific gravity found? Give the example
stated, and show how the difference between the specific gravities of
platina and silver is ascertained. What is the hydrometer? Suppose
a cubic inch of any substance weighs 253 grains less in water than in
air, what is the actual weight of a cubic inch of water? On what
principle is the hydrometer founded ?
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It is composed of a hollow ball of glass, or metal, with a gra-

duated scale rising from its upper part, and a weight on its

under part, which serves to balance it in the fluid. ,

Fig. 89, Such an instrument is represented by fig.

: - 89, of which b is the graduated scale, and a

the weight, the hollow ball being between
them.

b To prepare this instrument for use, weights,
in grains, or half grains, are put into the little
P ball a, until the scale is carried down, so that

. a certain mark on it coincides exactly with the
surface of the water. This mark then becomes
the standard of comparison between water and

@ any other liquid, in which the hydrometer is
z

placed. If plunged into a fluid lighter than
water, it will sink down, and, consequently,
—>]  the fluid will rise higher on the scale. If the
fluid is heavier than water, the scale will rise above the sur-
face, in proportion, and thus it is ascertained, in a moment,
whether any fluid has a greater or less specific gravity than
water. -~ :
* 'To know precisely how much the fluid varies from the
standard, the scale is marked off into degrees, which indicate
grains in weight, so that it is ascertained, very exactly, how
much the specific gravity of one fluid differs from that of -
another.
Water being the standard by which the weights of other.
substances are compared, it is placed as the unit, or point of
comparison, and is therefore 1, 10, 100, or 1000, the ciphers
being added whenever there are fractional parts expressing
the specific gravity of the body. It is always understood,
therefore, that the specific gravity of water is 1, and when it
is said a body has a specific gravity of 2, it is only meant, that
such a body is, bulk for bulk, twice as heavy as water. If the
substance is lighter than water, it has a specific gravity of 0,
with a fractional part. Thus alcohol has a specific gravity of
0,809, that is 809, water being 1000.

How is this instrament formed? How is the hydrometer prepared
for use? How is it known, by this instrument, whether the fluid is
lighter, or heavier than water? What is the standard by which the
weights of other bodies are compared ? What is the specific gravity
of water? When it is said, that the specific gravity of a body is 2, or
4, what meaning is intended to be conveyed ?

10 :
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By means of this instrument, it can be told with great accu®

racy, how much water has been added to spirits, for the
» glreater the quantity of water, the higher will the scale rise
above the surface. :

The adulteration of milk, with water, can-also be readily
detected with it, for as new milk has a specific gravity of 1032,
water being 1000, a very small quantity of water mixed with
it, would be indicated by the instrument.

The Syphon. =

Take a tube, bent like the letter U, and having filled it with
water, place a finger on each end, and in this state plunge
one of the ends into a vessel of water, so that the end in the
water shall be a little the highest, then remove the fingers,
and the liquid will flow out, and continue to do s0, until the
vessel is exhausted. A

A tube acting in this manner, is called a syphon, and is

Fig: 90. represented by fig. 90. Thereason
why the water flows from the end of
thetube @, and consequently ascends
through the other part, is, that there
is a greater weight of the fluid from
b to a, than from c to b, because the
perpendicular height from b to a,
is the greatest. The weight of the
water from b to a falling downwards,
by its gravity, tends to form a va-
cuum, or void space, in that leg of
f the tube ; but the pressure of the
atmosphere on the water in the vessel, coustantly forces the
fluid up the other leg of the tube, to fill the void space, and
thus the stream is cqntinued as long as any water remains in
the vessel.

The action of the syphon depends upon the same principle
as the action of the pump, namely, the pressure of the atmos-
phere, and therefore its explanation properly belongs to
Pneumatics. It is introduced here merely for the purpose of
illustrating the phenomena of intermitting springs ; a subject
which properly belongs to Hydrostatics.

Alcohol has a specific gravity of 809, what in reference to this, is the
specific gravity of water? In what nanner is a syphon made? Explain
the reason why the water ascends through one iag of the syphon, and
descends through the other,
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Some springs, situated on the sides of mountains, flow for a
while with great violence, and then cease entirely. Aftera
time they begin to flow again, and then suddenly stop, as be-

fore. These are called intermitting springs. Among igno® *

rant and supergtitious people, these strange appearances have

been attributed to witchceraft, or the influence of some super-

natnral power. But an acquaintance with the laws of nature

will dissipate such ill founded opinions, by showing that they

owe their peculiarities to nothing more than natural syphons,

existing in the mountains from whence the water flows.
Fig.91.

/ P
S b £
D s 5V e

Pig. 91 is the section of a mountain and spring, showing
how the principle of the syphon operates to produce the effect
described. Suppose there i5 a crevice, or hollow in the rock,
from a to b, and a narrow fissure leading from it, in the form
of the syphon b c. The water, from the rills f, e, filling the
hollow, up to the line a d, it will then discharge itself through
the syphon, and continue to run until the water is exhausted
down to the leg of the syphon b, when it will cease. Then
the water from the rills continuing to run until the hollow is
again filled up to the same line, the syphon again begins to
act, and again discharges the contents of the reservoir as be-
fore, and thus the spring p, at one moment flows with great
violence, and the next moment ceases entirely.

T'he hollow, above the line a d, is supposed not to be filled
with the water at all, since the syphon begins to act whenever
the fluid rises up to the bend d.

During the dry seasons of the year, it is obvious, that such

‘What is an intermitting spring? How is the phenomenon of the in-
termitting spring explained ? Explain fig. 91, and show the reason why
such a spring will flow, and cease to flow, alternately.
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a spring would cease to flow entirely, and wonld begin again
only when the water from the mountain filled the cavity
through the rills. -

* v Such springs, although not very common, exist in various

parts of the world. . Dr. Atwell has described one in the Philo~
sophical Transactions, which he examined in Devonshire in
England. The people in the neighbourhood, as usual, ascribed
its actions to some sort of witchery, and advised the doctor,
in case it did not ebb and flow readily, when he and his friend
were both present, that one of them should retire, and see
what the spring would do, when only the other was present.

HYDRAULICS.

It has been stated that Hydrostatics is that branch of Natu-
ral Philosophy, which treats of the weight, pressure, and equi-
librium of fluids, and that Hydraulics has for its object the
investigation of the laws which regulate fluids in motion.

If the pupil has learned the principles on which the pressure
and equilibrium of fluids depend, as explained under the for-
mer article, he will how be prepared to understand the laws
which govern fluids when in motion.

--The pressure of water downwards, is exactly in the same
_proportion-to its height, as the pressure of solids in the same
direction." R -

Suppose a vessel of three.inches in diameter has a billet
of wood set up in it, so as to touch only the bottom, and sup-
pose the piece of wood to be three feet long, and to weigh
nine pounds ; then the pressure on4he bottom of the vessel
will be nine pounds. If another billet of wood be et on this,
of the same dimensions, it will press on its top with the
weight of nine pounds, and the pressure at the bottom will be
18 pounds, and if another billet be set on this, the pressure at
the bottom will be 27 pounds, and so on, in this ratio, to any
height the column is carried.

Now the pressure of fluids is exactly in the same.proportion ;
and when confined in pipes, may be considered as one short
column set on another, each of which increases the pressure
of the lowest, in proportion ta their number and height.

How does the science of Hydrostatics differ from that of Hydraulics?
Does the downward pressure of water differ from the downward pres-
sure of solids, in proportion? How is the downward pressure of water
illustrated ?
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Fig. 92.

Thus, notwithstanding the lateral pressure of
fluids, their downward pressure is as their heights.
This fact will be found of importance in the inves-
tigation of the principles of certain hydraulic ma-
2 -9 chines, and we have therefore endeavoured to im-
press it on the mind of the pupil by fig. 92, where
it will be seen, that if the pressure of three feet of
water be equal to nine pounds on the bottom of .
6 18 the vessel, the pressure of twelve feet will be equal
to thirty-six pounds.

The quantity of water which will be discharged
_from an orifice of a given size, will be in propor-
9 £7tion to the height of the column of water above it,
for the discharge will increase in velocity, in pro-
portion to the pressure, and the pressure, we have
already seen, will be in a fixed ratio to the

22 Ll 36height.

Fig. 93, If a vessel, fig. 93, be filled
with water, and three aper-
2 tures be made in its side, at
1 the points a, b, and c, the
- ¥ fluid will be thrown out in
b { jets, and will fall towards the
earth, in the curved lines, a,
b, and ¢. The reason why
these curves differ in shape,
c is, that the fluid is acted on
by two forces, namely, the
pressure of the water above
the jet, which produces its velocity forward, and the action of
gravity, which impels it downward. It therefore obeys the
same laws that solids do when projected forward, and falls
down in curved lines, the shapes of which depend on their
relative velocities, :

The quantity of water discharged, being in proportion to
the pressure, that discharged from each orifice will differ in
quantity, according to the height of the water aboveit. |

It is found, however, that the velocity with which a vessel
discharges its contents, does not depend entirely on the pres-

W ithout reference to the lateral pressure, in what proportion do flu-
ids press downwards ? ‘What will be the proportion of a fluid dischar-
ged from an orifice of a given size? Why do the lines described by
thojouﬁomth.veu;lbfg.e&diﬁ:inmpe.’ .
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sure, but in part on the kind of orifice through which the
liquid flows. It might be expected, for instance, that a tin

vessel of a given capacity, with an orifice of, say an inch in -

diameter, through its side, would part with its coutents sooner
than another of the same capacity, and orifice, whose side was
an inch- or two thick, since the friction through the tin, might
be considered much less than that presented by the other
orifice. But it has been found by experiment, that the tin
vessel did not part with its contents so soon as another vessel,
of the same height, and size of orifice, from which the water
flowed through a short pipe. And, on varying the length of
these pipes, it was found that the most rapid discharge, other
ciscumstances being equal, was through a pipe, whose length
was twice the diameter of its orifice. Such an aperture dis-
charged 82 quarts, in the same time that another vessel of
tin without the pipe, discharged 62 quarts.

This surprising difference is accounted for, by supposing
that the cross currents, made by the rushing of the water from

different directions towards the orifice, mutually interfere with .

each other, by which the whole is broken, and thrown into
confusion by the sharp edge of the tin, and hence the water
issues in the form of spray, or of a screw, from such an orifice.
A short pipe seems to correct this contention among opposing
currents, and to smooth the passage of the whole, and hence
we may observe, that from such a pipe, the stream is round
and well defined.

Friction between solids and fluids.

The rapidity with which water flows through pipes of the
same diameter, is found to depend much on the nature of
their internal surfaces. Thus a lead pipe with a smooth aper-
ture, under the same circumstances, will convey much more
water than one of wood, where the surface is rough, or beset
with points. In pipes, even where the surface is as smooth as

What two forces act npon the fluid as it is discharged, and how do
these forces produce aturved line? Does the velocity with which a
fluid is discharged, depend entirely on the pressure? W hat circum-
stance, besides pressure, facilitates the discharge of water from an ori-
fice. Tn a tube, discharging water with the greatest velocity, what is
the proportion between its diameter and its length? What is the pro-
portion between the quantity of fluid discharged through an orifice of
tin, and through a short pipe? Suppose a lead and a glass tube, of the
same diameter, which will deliver the greatest quantity of liquid in the
same time? :

halh
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.glass, there is still considerable friction, for in all cases the
water is found to pass more rapidly in the middle of the stream
than it does on the outside, where it rubs against the sides of
the tabe. :

The sudden turns, or angles of a pipe, are also found to be
a considerable obstacle to the rapid conveyance of the water,
for such angles throw the fluid into eddies or curreats, by
which its velocity is arrested.

“In practice therefore, sudden turns are generally avoided,
and where it is necessary that the pipe should change its direc-
tion, it is done by means of as large a circle as convenient.

Where it is proposed to convey a certain quantity of water
to a considerable distance in pipes, there will be a great dis-
appointment in respect to the quantity actually delivered, un-
less the engineer takes into account the friction, and the turn-
ings of the pipes, and makes large allowances for these cir-
cumstances. If the quantity actually delivered ought to fill a
two inch pipe, one of three inches will not be too great an al-
lowance, if the water is to be conveyed to any considerable
distance. -

In practice, it will be found that a:pipe 8f two inches in
diameter, one hundred feet long, wil} discharge about five
times as much water as one of one inch in diameter of the
same length, and under the same pressure. This difference
is accounted for, by supposing that both tubes retard the mo-
tion of the fluid, by friction, at equal distances from their in-
ner surfaces, and consequently that the effect of this cause is
much greater in proportion, in the small tube, than in the
large one.

%‘he effect of friction in retarding the motion of fluids is
perpetually illustrated in the flowing of rivers and brooks.
On the side of a river, the water, especially where it is shal-
low, is nearly still, while in the middle of the stream it may
run at the rate of five or six miles an hour. For the same rea-
son, the water at the bottoms of rivers is much less rapid than
at the surface. This is often proved by the oblique position
of floating substances, which in still water would assame a
vertical directiofl.

Why will the glass tube deliver most? What is said of the sudden
turnings of a tube in retarding the motion of the fluid? How much
more water will a two inch tube of a hundred feet f;:;g, discharge, than
a one inch tube of the same length? How is this difference accounted
for?. How do rivers show the effect of friction in retarding the motion
of their waters ? ‘
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Fig. 94. Thus suppose the stick of wood, e, fig.

£ 94, to be loaded at one end with lead of
_. the same diameter as the wood, 5o as to
=) make it stand upright in still water. In
= the current of a river, where the lower
end nearly reaches the bottom, it will in-
cline as in the figure, because the water
is more rapid towards the surface than at
the bottom, and hence the tendency of
the upper end to move faster than the low-
er one, gives it an inclination forwatd

Machines for raising water.

The common pump, though a hydraulic machine, depends
on the pressure of the atmosphere for its effect, and therefore
its explanation comes properly under the article Pneumatics,
wherg the consequences of atmospheric pressure will be illus-
trate

Such machines only, as raise water withodt the assistance
of the atmosphere, come properly under the present article.

Among these, one of the most curious, as well as ancient
machines, is the screw of Archimedes, and which was invent-
ed by that celebrated philosopher, two hundred years before
the Christian era, and then employed for raising water and
draining land in Egypt.

3
£
o

Fig. 95.

It consists of a hollow tube, fig. 95, coiled around a shaft
of wood to keep it in place, and give it support. Both ends of
Explain fig. 94. Who is said to have been the inventorof Archime-

des’ screw? Explain this machine as represented in fig. 95. and shew
how the water is nlovahd by turning it,
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the tube are open, the lower one being dipped into the water
to be raised, and the upper one discharging it in an intesrup-
ted stream. The shaft turns on a support at each end, that
at the upper end being seen at a, the lower one being hid by
the water. As the machine now stands, the lower bend of
the screw is filled with water, since it is below its surface ¢, d.
On turning it by the handle, from left to right, that part of
the screw now filleg with water will rise above the surface ¢, d,
and the water having'no place to escape falls into the next
lowest part of the screw at e. At the next revolition, that
portion which, during the last, was at e, will be elevated to g,
for the lowest bend will receive another supply, which in the
mean time will be transferred to e, and thus by a continuance
of this motion, the water is finally elevated to the discharging
orifice p.

This principle is readily illustrated by winding a piece of
lead tube round a walking stick, and then turning the whole
with one end in a stick of water, as shewn in the figure.

Fig. 96. Instead bf this method, water was some-

times raised by the ancients, by means of a
d rope, or bundle of ropes, as shewn by fig.

96

This mode illustrates in a very striking
manner the force of friction between a sol-
id and fluid, for it was by this force alone,
that the water was supported and elevated,

The large wheel a, is supposed to stand
over the well, and b, a smaller wheel, is
fixed in the water. The rope is extended
between the two wheels, and rises on one
side-in a perpendicular direction. On turn-
ing the wheel, by the crank d, the water is
brought up by the.friction of the rope, and

) falling into a reservoir at the bottom of the
frame which supports the wheel, is discharged at the spout d.

It is evident that the motion of the wheel, and consequently :
that of the rope, must be very rapid, in order toraise any con-
siderable quantity of water by this method. Bat when the
upward velocity of the rope is eight or ten feet per secoud, a
large quantity of water may be elevated to a considerable
height by this maohme

How may the pnnclple of Archimedes’ screw be readily illustrated?
Explam in what manner water is raised by the machine represented by
2.9 -
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For the different modes of applying water as a power for
driving mills, and other useful purposes, we must refer the
reader to works on practical mechanics. There is however
one method of turning machinery by water, invented by Dr.
Barker, which is strictly a philosophical, and at the same time
a most curious invention, and therefore is properly introduced
here. :

Fig. 97. This machine is called Barker's

a centrifugal mill, and such parts of
|| it as are necessary to understand the
principle on which it acts are repre-
sented by fig. 97.

The upright cylinder a, is a tube
which has a funnel shaped mouth,
for the admission of the stream of
water from the pipe b. Thistube is
six or eight inches in diameter, and-
may be from ten to twenty feet long.
The-arms n and o, are also tubes
communicating freely with the up-
right one, from the opposite sides of
which they proceed. The shaft d,
is firmly fastened to the inside of the .
tube, openings at the same time be-
ing left for the water to pass to the

' arms, o0 and n. The lower part of
the tube issolid, and turns on a point resting on the block of
stone, or iron, c. The arms are closed at their ends, near
which there are orifices on the sides opposite to each other,
so that the water spouting from them, will fly in opposite di-
rections. The stream from the pipe b, is regulated by a stop-
cock, so as to keep fhe tube @ constantly full without over-
flowing.

To set this engine in motion, suppose the upright tube to
be filled with water, and’ the arms =2, and o, to be given a
slight impulse ; the pressure of the water from the perpendic-
ular column in the large tube will give the fluid a velocity of
discharge at the ends of the arms proportionate to its height.
The reaction of the air against the water so discharged will
continue, and increase the rotatory motion thus begun. Af-
ter a few revolutions, the machine will receive an additional
impulse by the centrifugal force generated -in the arms, and

What is fig. 97 intended to represent? Describe this mill.
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in consequence of this, a much more violent and rapid dis-
charge of the water takes place, than would occur by the pres-
sure of that in the upright tube alone. The centrifugal force
and the force of the discharge thus acting at the same time,
and each increasing the force of the other, this machine re-
volves with great velocity and proportionate power. The fric-
tion which it has to overcome, when compared with thatof oth-
er machines, is very slight, being chiefly at the point ¢, where
the weight of the upright tube and its contents is sustained.

By fixing a cog wheel to the shaft at d, motion may be
given to any kind of machinery required.

Where the quantity of water is small, but its height consid-
erable, this machine may be employed to great advantage, it.
being under such circumstances one of the most powerful en-
gines ever invented. :

PNEUMATICS.

The term Pneumatics is derived from the Greek pneuma,
which signifies breath, or air.’- It is that science which in-
Bestigates the mechanical properties of air, and other elastic

uids.

-Under the article hydraulics, it was stated that fluids were
of two kinds, namely, elastic and non-elastic, and that air and
the gases belonged to the first kind, while water and other li-
quids belonged to the second.

The atmosphere, which surrounds the earth, and in which
we live, and a portion of which we take into our lungs at ev-
ery breath, is called air, while the,artificial products, which
possess the same mechanical properties, are called gases.

When therefore the word air is used, in what follows, it will
be understood to mean the atmosphere which we breathe.

Every hollow, crevice, or pore, in solid bodies net filled
with a liquid, or some other substance, appears to be filled
with air: thus a tube of any length, the bore of which is as
small as it can be made, if kept open will be filled with air,
and hence when it is said that a vessel is filled with air, it is
only meant that the vessel is in its ordinary state. . Indeed,
this fluid finds its way into the most minute pores of all sub-
stances, and cannot be expelled, and kept out of any vessel,

without the assistance of the air pump, or some other mechan-
ical means.

What is pneumatics? Whatisair? Whatisagas? What is meant,
when it is said that a vessel is filled with air? Isthere any difficulty in

_expelling the air from vessels ?
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!

By the elasticity of air; is meant its spring, ot the force with
which it re-acts when compressed in a close vessel. It is
chiefly in respect to its elasticity, and lightness, that the me-
lc‘hap(}cal properties of air differ from those of water, and other
iquids. .

Elastic fluids differ from each other, in respect to the per-
manency of the elastic property.’' Thus steam is elastic only
while its heat is continued, and on cooling returns again to
the form of water.

Some of the gases also, on being strongly compressed, lose
their elasticity, and take the form of liquids. But air differs
from these, in being permanently elastic ; that is, if it be gom-
pressed with ever so much force, and retained under com-
pression for any length of time, it does not therefore lose its
elasticity, or disposition to regain its former bulk, but always

Fig.98 re-acts with a force, in proportion to the power by
N which it is compressed.

Thus, if the strong tube, or barrel, fig. 98, be
smooth, and equal on the inside, and there be fit-
ted to it the solid piston, or plug a, so as to work
up and down air tight, by the handle b, the air in
the barrel may be pressed, without difficulty, in-
to a hundred times less than its usual bulk. In-
deed, if the vessel be of sufficient strength, and
b - the force employed sufficiently great, its bulk may

be lessened a thousand times, or in any propor-
tion according to the force employed; and if
kept in this state for years it will regain its for-
%mer bulk the instant the pressure is removed.

Thus it is a general principle in pneumatics, that

air is compressible in proportion to the force employed. -
On the contrary, when the usual pressure of the atmosphere
is removed from a portion of air, it expands and occupies a
- space larger than before ; and it is found by experiment that
this expansion is in a ratio, as the removal of the pressure is
more or less complete. Air also expands, or increases in

bulk when heated. .

If the stop-cock ¢, fig. Y8, be opened, the piston a, may be
hed down with ease, because the air contained in the barrel
will be forced out at the aperture. Suppose the piston to be

What is meant by the elasticity of air? How does air differ from
_ steam, and some of the gases, in respect to its elasticity? Does air lose

its olastic force by being long compressed? In what proportion to the
foree employed is the balk of air lessened ?
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pushed down to within an inch of the bottom, and then the
stop-cock closed, so that no air can enter below it. Now, on
drawing the piston up to the top of the barrel, the inch of air
will expand and fill the whole space, and were this space a
thousand times as large, it would still be filled with the expand-
ed air, because the piston removes the pressure ot the exter-
nal atmosphere from that within the barrel.

"~ It follows therefore, that the space which a given portion
of air occupies, depends entirely on circumstances. If it is
under pressure, its bulk will be diminished in exact propor-

_ tion ; and as the pressure is removed, it will expand in propot-

tion, so as to occupy a thousand, or even a million times as

muoch space as before.

Another property which air possesses is weight, or gravity.
This property, it is obvious, must be slight, when compared
with the weight of other bodies. But that air has a certain
degree of gratity, in common with other ponderous substan-
ces, is proved by direct experiment. Thus if the air be
pumped out of a close vessel, and then the vessel be exactly
weighed, it will be found to weigh more when the air is again
admitted.

It is however tfe weight of the atmosphere which presses
on every part of the earth’s surface, and in which we live and
move, as in an ocean, that here particularly claims our atten-
tion.

.Fig.99.  The pressure of the atmosphere may be easily

shewn by the tube and piston, fig. 99.

Suppose there is an orifice; to be opened by the
valve b, as the piston a is moved up or down in its
barrel. The valve being fastened by a hinge on
one side, it is obvious that on pushing the piston
down, it will open by the pressure of the air against
it, and the air will make its escape. But when the
piston is down to the bottom of the barrel, on at-
tempting to raise it again, towards the top, the
valve is closed by the force of the external air act-
ing upon it. If therefore .the piston be drawn up
in this state, it must be against the pressure of the
atmosphere, the whole weight of which, of the size

In what proportion will a quantity of air increase in bulk as the pres-
sire is-Témovéd from it? How is this illustrated by fig. 982 On what
cireumstance, therefore, wili the bulk of a given portion of dir depend ?
How is it proved that air has weight? Explain in what manner the
pressure of the ttmotphlere is shewn by fig. 99.

1

r




118 AIR PUMP.

of the piston, must be lifted, while there will remain a vacuum
or void space below it in the tube. If the piston be only three
inches in diameter, it will require the full strength of -a man
to draw it to the top of the barrel, and when raised, if sudden-
ly let go, it will be pushed back again, by the weight of the
air, and will strike the bottom with great violence.

The force thus pressing upon the piston is often called suc-
tion, and many persons believe that there is something with-
in the barrel, which keeps the piston from rising, or which
makes it move upwards with so much difficulty, never suspect-
ing that the force is on the upper side of the piston, instead of
being within the barrel. . )

Now, that it is the weight of the atmosphere which presses
the piston down, is proved by the fact, that if its diameter be
enlarged, a greater force, in exact proportion, will be requir-
ed to raise it up.. And further, if when the piston is drawn
to the top of the tube, a stop-cock, asat ¢, fig. 98, be opened,
and the air admitted under it, the piston will not then be for-
ced down in the least, because then the air will press as
much on the under, as on the upper side of the piston.

By accurate experiments, an account of which it is not ne-
cessary here to detail, it is found that the Weight of the at-
mosphere, on every inch square of the surface, is equal to fif-
teen pounds. If then a piston, working air tight, in a bartel,
be drawn up from its bottom, the force employed, besides the
friction, will be just equal to that required to lift the same
piston, under drdinary tircumstances, with a weight laid on
it equal to fifieen pounds for every square inch o surface.

The number of square inches in the surface of a piston of
a foot in diameter, is 113. This being multiplied by the
weight of the air on each inch, which being 15 pounds, is
equal to 1695 pounds. Thus the air constantly presses on
every surface, which is equal to the dimensions of a circle
one foot in diameter, with a weight of 1695 pounds.

Air Pump.

The air pump is an engine by which the air can be pump-
ed out of a vessel, or withdrawn from it. The vessel so ex-

What is the force pressing on the piston when drawn upward, some-
times called? How is it proved that it is the weight of the atmosphere,
instead of suction, which makes the piston rise with difficulty2  What
is the pressure of the atmosphere on every square inch of surface on the
earth? What is the number of square inches in a circle of one footin
diameter? What is the weight of the atmosphere on a surface of a foot
in diameter? . —
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hausted is called a receiver, and the space thus left in the. vess
sel, after withdrawing the air, is called a vacuum.

The principles on which the air pump is constructed are
readily understood, and are the same in all instruments of
this kind, though the form of the instrument itself is often
considerably modified.

The general principles of its construction will be compre-
hended by an explanation of fig. 100. In this figure let g, be
- . a glass vessel, or receiver, closed at
the top, and open at the bottom,
standing on a perfectly smooth sur-
face, which is called the plate of the
air pump. Through the plate is an
aperture a, which communicates with
$lC  the inside of the receiver, and the
barrel ef the pump. The piston rod
bz P works air tight through the stuffed
collar ¢, and the piston also moves
air tight through the barrel.. At the
extremity of the barrel there is a
valve e, which opens outwards, and
—2) £ is closed with a spring, and therefore
shuts as soon as it is opened.

Now suppose the piston to be drawn up to ¢, it will then
leave a free communication between the receiver g, through
the orifice a, to the pump barrel, in which the piston works.
Then if the piston be forced down by its hamdle, it will com-
press the ai? in the barrel between d and ¢, and in consequence,
the valve ¢ will be opened, and the air so condensed will es-
cape. On drawing the piston vp again, the valve will be
closed, and the external air not being permitted to enter, a
vacuum will be formed in the barrel, from e to a little above d.
When the piston comes again to ¢, the air contained in the
glass vessel, together with that in the passage between thie
vessel and the pump barrel, will rush in to fill the vacuum.
Thus there will be less air in the whole space, and conse-
quently in the receiver, than at first, because all that contain-
ed in the barrel is forced out at every stroke of the piston.

‘What is the air pump? What is the receiver of an air pump ? What

. is a vacuum? In fig. 100, which is the receiver of the air pump? -

When the piston is pressed down, what quantity of air is thrown out?
‘When the piston is drawn up, what is formed in the barrel? How is
this vacuum agZain filled with air?

A
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On xepeating the same process, that is, drawing up and forcing
down the piston, the air at each time in the receiver, will be-
come less and less in quantity, and, -in consequence, more and
more rarefied. For it must be understood, that although the
air is exhausted at every stroke of the pump, that which re-
mains, by its elasticity expands, and still occupies the whole
space. The quantity forced out at each successive stroke is,
therefore diminished, until, at last, it no longer has sufficient
force before the piston, to open the valve, when the exhausting
power of the instrument must cease entirely.

Now it will be obvious, that as the exhausting power of the
air pump depends on the expansion of the air within it, a per-
JSect vacuum can never be formed by its means, for so long as
exhaustion takes place, there must be air to be forced out, and
when this becomes so rare as not to force open the valves, then -
the process must end. -

A good air pump has swo similar pumping barrels to that
described, so that the process of exhaustion is performed in
balf the time that it could be performed by one.

Fig. 101, The barrels, with their
pistons, and the usual mode
of working them, are re-
presented by fig. 101. The
piston rods are furnished
with racks, or teeth, and
are worked by the toothed
wheel a, which is tarned
backwards ands forwards,
by the lever and handle b.
The exhaustion pipe, ¢,
leads to the plate on which
the receiver stands, as
shown in fig. 100. The
valvesv, n, u, and m, all
open upwards.

To understand how these

pistons act to exhaust the

air froni: the vessel on the plate, through the pipe ¢, we will
suppose, that as the two pistons now stand, the handle b is

Is the air pamp capable of producing a perfect vacnum? Why do
common air pumps have more than one barrel and piston? How are
the pistons of an air pump worked ?
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turned towards the left. This will raise the piston A, while
the valve u will be closed by the pressure of the external air
acting on it in the open barrel in which it works. There
would then be a vacuum formed in this barrel, did not the
valve m open and let in the air coming from the receiver
through the pipe ¢. When the piston, therefore, is at the
upper end of the barrel, the space between the piston and" the
valve m, will be filled with the air from the receiver. Next
suppose the handle to be moved to the right, the piston A
will then descend, and compress the air with which the barrel
is filled, which, acting against the valve u, forces it open, and
thus the air escapes. Thus. it is plain, that every time the,
piston rises, a portion of air, however rarefied, enters the bar-
rel, and every time that it descends, this portion escapes, and
mixes with the external atmosphere.

The action of the other piston is exactly similar to this,
only that B rises while A falls, and so the contrary. It will
be obvious, on an inspection of the figure, that the air cannot
pass from one barrel to the other, for while A is rising, and
the valve m is open, the piston B will be descending, so that
the force of the air in the barrel B, will keep the valve n clos-
ed. Many interesting and curious experiments, illustrating
the expansibility and pressure of the atmosphere, are shown
by this instrument.

If a withered apple be placed under the receiver, and the
air is exhausted, the apple will swell, and become plump, in
consequence of the expansion .of the air which it contains
within the skin. . .

Ether placed in the same situation, soon begins to boil
without the influence of heat, because its particles, not havmg
the pressure of the atmosphere to force them together, fly o
with so much rapidity as to produce ebullition. *

The Condenser.

The operation of the condenser is the reverse of that of the
air pump, and is a much more simple machine. The air pump,
as we have just seen, will deprive a vessel of its ordinary
quantity of air. The condenser, on the contrary, will double,

While the piston A is ascending, which valves will be open, and
which closed ? When the piston A descends, what becomes of the air
with which its barrel was filled? Why does not the air pass from one
barrel to the other, through the valves m and n? Why does an apple
placed in the exhausted receiver grow plump ? Why does ether boilin
the same situation ? Ho\: does the condenser operate ? .

11
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Fig. 102. or treble the ordinary quantity of air in a close
vessel, according to the force employed.

This instrument, fig. 102, consists of a pump

barrel and piston, a, a stop cock b, and the vessel

. ¢ furnished with a valve opening inwards. The

. orifice d, is to admit the air, when the piston is

! drawn up to the top of the barrel.

o To describe its action, let the piston be above

d, ghe orifice being open, and therefore the instru-

¢ .ment filled with air, of the same density as the

* external atmosphere. Then on forcing the piston

down, the air in the pump barrel, below the ori-

fice d, will be compressed, and will rush through

the stop cock b, into the vessel ¢, where it will be

retained, because, on again moving the piston up-

¢ ward, the elasticity of the air will close the valve

through which it was forced. On drawing the

piston up again, another portion of air will rush in

at the orifice d, and on forcing it down, this will also be dri-

ven into the vessel ¢ ; and this process may be continued as

long as sufficient force is applied to move the piston, or there

is sufficient strength in the vessel to retain the air. When the

condensation is finished, the stop cock b may be turned, to
render the confinement of the air more secure.

The magazines of air guns are filled in the manner above
described. T'he air gun is shaped like other guns, but iustead
of the force of powder, that of air is employed to project the
bullet. For this purpose, a strong hollow ball of copper, with
a valve on the inside, is screwed to a condenser, and the air
is condensed in it, thirty or forty times. This ball, or maga-
zine, is then taken from the condenser, and screwed to the
gun, under the lock. By means of the lock, a communication
16 opened between the magazine and the inside of the gun-
barrel, on which the spring of the confined air against the
leaden bullet is such, as to throw it with nearly the same force
as gun-powder.

Explain fig. 102, and show in what manner the air is condensed.
Explain the principle of the air gun.
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Fig. 103. Barometer. -
o Suppose a, fig. 103, to be a tabe, thirty feet
C long and the piston b, to be so nicely fitted to its
inside, as,to work air tight. If the lower end
of the tube be dipped into water, and the piston
drawn up by pulling at the handle ¢, the water
will follow the piston so closely as-to ‘be in ‘con-
tact with its surface, and apparently to be drawn
up. by the piston, as though the whole was one
solid body. If the tube be thirty-five feet long
instead of thirty, the water will continue to fol-
low the piston, until it comes to the height of
about thirty-three fect, where it will stop, and if
the piston be drawn up-still further, the water
will not follow it, but will remain stationary, the
space from this height, between the piston and
the water, being left a void space, or vacuum,
The rising of the water, in the above case,
which only involves the principle of the common
E” pump, is thought by some, to be caused by suction,
the piston sucking up the water as it is drawn
=~ upward. Butaccording to the common notion at-
tached to this term, thére is no reason why the water should
not continue to rise above the thirty-three feet, or why the
power of suction should cease at that point, rather than at any
other. Without entering into any discussion on the absurd
notions concerning the power of suction, it is sufficient here
to state, that it has long since been proved, that the elevation
of the water in the case above described, depends entirely on
the weight, and pressure of the atmosphere, on that portion of
the fluid which is on the outside of the tube. Hence, when
the piston is drawn up, under circumstances where the air
cannot act on the water around the tube, or pump barrel, no
elevation of the fluid will follow. This will be obvious, by
the following experiment, :

Suppose the tube, fig. 103, to stand with its lower ond in the water,
and the piston a to be drawn upward thirty-five feet, how far will the
water follow the piston? What will remain in the tube between the pis-
ton and the water, after the piston rises higher than thirty-three feet ?
‘What is commonly supposed to make the water rise in such cases ? Is
there any reason why the suction should cease at 33 feet?. What is the
true cause of the elevation of the water, when the piston, fig. 103, is
drawn up? _
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Fig. 104.” _
: Suppose fig. 104, to be the sections, or halves of
two tubes, one within the other, the outer one be-
-ing made entirely close, so as to admit no air, and
the space between the two being also made air-tight
at the top. Suppose, also,.that the inner tube be-
ing left open at the lower end, does not reach the
bottom of the outer tube, and thus that an open space
be left between the two tubes every where, except
at their upper ends, where they are fastened toge-
ther ; and that there is a valve in the piston, open-
ing upwards, so as to let the air which it contains,
escape, but which will close on drawing the piston
upwards. Now let the piston be at a, and- in this
state pour water through the stop cock ¢, until the
iainner tube is filled up to the piston, and the space
between the two tubes up to the same point, and
then let the stop cock be closed. If now the piston
be drawn up to the top of the tube, the water will
not follow it, as in the case first described, but will
only rise a few inches, in consequence of the elas-
ticity of the air above the water, between the tubes,
where the water will remain, and in the space
above this, there will be formed a vacuum between
the water and the piston, in the inner tube.

The reason why the result of this experiment differs from
that before described, is, that the outer tube prevents the pres-
sure of the atmosphere from forcing the water up the inner
tube as the piston rises. This may be instantly proved, by
opening the stopcoek ¢, and permitting the air to press upon
the water, when it will be found, that as the air rushes in, the
water will rise and fill the vacuum, up to the piston.

For the same reason, if a common pump be placed in a
cistern of water, and the water is frozen over on the surface,
so that no air can press upon the fluid, the piston of the pum
might be worked, in vain, for the water would not, as usual,
obey its motion.

It follows, as a certain conclusion from such experiments,
that when the lower end of a tube is placed in the water, and
the air from within is removed by drawing up the piston, that

How is it shown by fig. 104, that it isthe pressure of the atmosphere
which causes the water to rise in the pump barrel? Suppose the ice
prevents tho atmosphere from pressing on the water in a vessel, can the
water be pumped out ? }
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it is the pressure of the atmosphere, on the water around the
tube, which forces the fluid up to fill the epace, thus left by
the air.. It is also proved, that the weight, or pressure of the
atmosphere, is equal to the weight of a perpendicular column
of water, 33 feet high, for it is found (fig. 102), that the pres-
sure of the atmosphere will not raise water more than 33 feet,
though a perfect vacuum be formed to any height above this
point. Experiments on other fluids, prove that this is the
weight of the atmosphere, for if the end of a tube be dipped
in any fluid, and the air be removed from the tube, above
the fluid, it will rise to a greater or less height, than water,
in proportion as its specific gravity is less or greater than
that of water.

. Mercury, or quicksilver has a specific gravity of about 13}
times greater than that of water, and mercury is found to rise
about 29 inches in a tube under the same circumstances that
water rises 33 feet. Now 33 feet is 396 inches, which, being

_divided by 29 gives nearly 131, so that mercury being 13}
times heavier than water, the water will rise under the same
pressure 13} times higher than the mercury.
The barometer is constructed on the principle of atmosphe-
ric presaure, which we have thus endeavoured to explain and
Fig. 105.  jlustrate to common comprehension. This
term is compounded of two Greek words, ba-
. ros, weight, and metron,"'measure, the instru-
¢ ment being designed to measure the weight
of the atmosphere, .
Its construction is simple, and easily under-
stood, being merely a tube of glass nearly fill-
ed with mercury, with its lower end placed in
a dish of the same fluid, and the upper end
furnished with a scale, to measure the height
of the mergury.
*  Let a, fig. 105, be such a tube, 34 or 35

inches long, closed at one end and open at the
b other. Ta fill the tube, set it upright, and
U pour the mercury in at the open end, and

What conclusion follows from the experiments above described ?
How is it proved, that the pressure of the atmosphere is equal to the
weight of a column of water, 33 feet high? How do experiments on
other fluids show that the pressure of the atmosphere is equal to the
weight of a column of water 33 feet high? How high does mercury
rise in an exhausted tube? What is the principle on which the barq
meter is constructed? What does the barometer measure ?
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when it is entirely full, place the fore finger forcibly on this
end, and in this state plunge the tube and finger under the
surface of the mercury before prepared in the cup 6. Then
withdraw the finger, taking care that in doing this, the end of
the tube is not raised above the mércury in the cup. When
the finger is removed, the mercury will descend four or five
inches, and after several vibrations, up and down, will rest at
an elevation of 29 or 30 inches above the surface of that in the
cup, as at c. Having fixed a scale to the upper part of the
tube, to indicate the rise and fall of the mercury, the barome-
ter would be finished, if intended to remain stationary. It is
usual, however, to have the tube inclosed in a mahogany or
brass case, to prevent its breaking, and to have the cup closed
on the top, and fastened to the tube, so that it can be trans-
ported without danger of spilling the mercury.

The cup of the portable barometer also differs from that re-
presented in the figure, for, were the mercury inclosed on all
sides, in a cup of wood, or brass, the air would be prevented
from acting upon it, and therefore the instrument would be
useless. To remedy this defect, and still have the mercury
perfectly inclosed, the bottom of the cup is made of leather,
which, being elastic, the pressure of the atmosphere acts upon
the mercury in the same manner as though it was not inclosed
at all. Below the leather bottom there is a round plate of
metal an inch in diameter, which is fixed on the top of a
screw, so that when the instrument is to be transported, by
elevating this piece of metal, the mercury is thrown up to the
top of the tube, and thus kept from playing backwards and
forwards, when the barometer is in motion.

A person not acquainted with the principle of this instru-
ment, on seeing the tube turned bottom upwards, will be per-
plexed to understand why the mercury does not follow the
common law of gravity, and descead into the cup ; were the
tube of glass 33 feet high, and filled with water, the lower end
being dipped into a tumbler of the same fluid, the wonder
would be still greater. But as philosophical facts, one is no
more wonderful than the other, and both are readily explained
by the principles already illustrated.

Describe the construction of the barometer, as represented by fig 105.
How is the cup of the portable barometer made, so as to retain the
mercury, and still allow the air to press upon it? What is the use of
the metallic plate and screw, under the bottom of the cup? Explain the
reason why the mercury does not fall out of the barometer tube, when
its open end is downwards,
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It has already been shown, that it is the pressure of the
atmosphere .on the fluid around the tube, by which the fluid
within it, is forced upward, when the pump is exhausted of
its air. The pressure of the air we have also seen, is equal
to a column of water 33 feet high, or of a column of mercury
29 inches high. Suppose, then, a tube 33 feet high is filled
with water, the air would then be entirely excluded, and were
one of its ends closed, and the other end dipped in water, the
effect would be the same as though both ends were closed,
for the water would not escape, unless the air were permitted
to push in and fill up its place. The upper end being closed,
the air could gain no access in that direction, and the open
end being under water, is equally secure. The quantity of
water in which the end of the tube is placed, is not essential,
since the pressure of a column of water an inch in diameter,
provided it be 33 feet high, is just equal to a colump of air of
an inch in diameter, of the whole height of the atmosphere,
Hence the water on the outside of the tube serves merely to
guard against the entrance of the air.

The same happens to the barometer tube, when filled with
mercury. The mercury, in the first place, fills the tube per-
fectly, and therefore entirely excludes the air, so that when it
is inverted in the cup, all the space above 29 inches is left a
vacuum. The same effect precisely would be produced, were
the tube exhausted of its air, and the open end placed in the
cup; the mercury would run up the tube 29 inches, and
then stop, all above that point being left a vacuum.

The mercury, therefore, is prevented from falling out of the
tube, by the pressure of the atmosphere on that which remains
in the cup; for if this be removed, the air will enter, while

. the mercury will instantly begin to descend. -

In the barometer described, the rise and fall of the mercury
is indicated by a scale of inches, and tenths of inches, fixed
behind the tube ; but it has been found, that very slight vari-

ations in the density of the atmosphere, are not readily per-

ceived by this method. It being, however, desirable that
these minute changes should be rendered more obvious, a con-
trivance for increasing the scale, called the wheel barometer
was invented.

What fills the space above 29 inches, in the barometer tube? In the
common barometer how is the rise and Tall of the mercury indicated ?
‘Why was the wheel barometer invented ?
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Fig. 106. The whole length of the tube of the wheel ba-

: “eter, fig. 106, from ¢ to a, is 34 or 35 inches,

is filled with mercury, as usual. The mer-

rises in the short leg to the point o, where

2 is a small piece of glass floating on its sur-

, to which there is attached a silk string,

ing over the pulley p. To the axis of the

1y is fixgd an index, or hand, and behind

a graduated circle, as seen in the figure.

obvious, that a very slight variation in the

ht of the mercury at o, will be indicated by

nsiderable motion of the index, and thus

iges in the weight of the atmosphere hardly

-1 eptible by the common barometer, will be-
2 quite apparent by this.

he mercury in the barometer tube being sus-

:d by the pressure of the atmosphere, and

1iedium altitude at the surface of the earth

... about 29 inches, it might be expected_that

if the instrument was carried to a height from -

the earth’s surface, the mercury would suffera proportionate
fall, because the pressure must be less, at a distance from the
earth than at its surface, and experiment proves this to be
the case. When, therefore, this instrument is elevated to any
considerable height, the descent of the mercury becomes per-
ceptible. Even when it is carried to the top of a hill, or high
tower, there is a sensible depression of the mercury, so that
the barometer is employed to measure the heights of mountains,
and the elevation to which balloons ascend from the surface of
the earth. On the top of Mont Blanc, which is about 16000

feet above the level .of the sea, the medium - elevation of the .

mercury in the tube is only 14 inches, while on the surface
of the earth as above stated, it is 29 inches. - .

The medium range of the barometer in several countries,
has generally been stated to be about 29 inches. It appears,
however, from observations made at Cambridge,’in Massachu-
setts, for the term of 22 years, that its range there was nearly
30 inches.

Explain fig. 106, and describe the construction of the wheel barome-
ter. What 1s stated to be the medium range of the barometer at the
surface of the earth? Suppose the instrument is elevated from the
earth, what is the effect on the mercury? How does the barometer 1n-
dicate the heights of mountains? What is the medium range of the.
mercury on h:ﬁmt Blanc? What is stated to be the medium range of
the barometer at Cambridge ? '

e
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While the barometer stands in the same place, near the level
of the sea, the mercury seldom falls below 28 inches, or rises
above 31 inches, its whole range, while stationary, being only
about 3 inches. '

These changes in the weight of the atmosphere, indicate
corresponding changes in the weather, for it is found,by watch-
ing these variations in the height of the mercury, that when
it falls, cloudy or falling weather ensues, and that when it
rises, fime clear weather ensues. During the time when the
weather is damp and lowering, and the smoke of chimnies
descends towards the ground, the mercury remains depressed,
indicating that the weight of the atmosphere during such
weather is less than it is when the sky is clear. This contra-
dicts the common epiniou, that the air is the heaviest when it
contains the greatest quantity of fog and smoke, and that it
is the uncommon weight of the atmosphere which presses
these vapors towards the ground. A little consideration will
show, that in this case the popular belief is erroneous, for not
only the barometer, but all the experiments we have dettiled,
on the gubject of specific gravity, tend to show that the lighter
any fluid is, the deeper any substance of a given weight will
sinkin it. Common observation, ought, therefore, to correct
the error, for every one knows that a heavy body will sink in
water while a light one will swim, and by the same kind of
reasening ought to consider, that the particles of vapor would
descend through a light atmosphere, while they would be
pressed up into the higher regions, by a heavier air.

The principal use of the barometer is on board of ships,
where it is employed to indicate the approach of storms, and
thus to give an opportunity of preparing accordingly ; and it
is found that the mercury suffersa most remarkable depression
before the approach of violent winds, or hurricanes. The
watchful captain, particularly in southern latitudes, is always
attentive to this monitor, and when he observes the mereury to
sink suddenly, takes his measures without delay to.meet the
tempest. During a violent storm, we have seen the wheel

- barometer sink a hundred degrees in a few hours. But we

How many inches does a fixed barometer vary in height ? When the
mercury falls, what kind of weather is indicated ? When the mercury
rises, what kind of weather may be expected? When fog and smoke
descend towards the ground, is it a sign of a light or heavy atmosphere ?
By what analogy is it shown that the air is lightest when filled with va-
por? Of what use is the barometer, on board of ships? When does
the mercury suffer the most remarkable depression?
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cannot illustrate the use of this instrument at sea better than
to give the following extract from Dr. Arnot, who was himself
present at the time. ‘It was,” says he, ““in a southern lati-
tude. The sun had just set with a placid appearance, closing
a beautiful afiernoon, and the usual mirth of the evening watch
proceeding, when the captain’s orders came, to prepare with
all haste for a storm.

The barometer had begun to fall with appalling rapidity. As
yet the oldest sailors had not perceived even a threatening in
the sky, and were surprised at the extent, and hurry of the
preparations ; but the required measures were not completed,
when a more awful hurrisane burst upon them, than the most
experienced had ever braved. Nothing could withstand it;
the sails already furled, and closely bound to the yards, were
riven into tatters ; even the bare yards and masts were in a
great measure disabled ; and at one time the whole rigging
had nearly fallen by the board. Such, for a few hours, was
the mingled roar of the hurricane above, of the waves around,
and the incessant peals of thunder, that no human voice could
be heard, and amidst the general consternation, even the trum-
pet sounded in vain. On that awful night, but for a little
tube of mercury, which had given the warning, neither the
strength of the noble ship, nor the skill and energies of her
commander, could have saved one man to tell the tale.”

Arnot’s Elements of Physics.

Pumps.

There is a philosophical experiment, of which no-one in
this country is ignorant. If one end of a straw be introduced
into a barrel of cider, and the other end sucked with the
mouth, the cider will rise up through the straw, and may be
swallowed.

The principles which this experiment involves, are exactly
the same as those concerned in raising water by the pump.
The barrel of cider answers to the well, the straw to the
pump log, and the mouth acts as the piston, by which the
air is removed.

The efficacy of the common pump, in raising water from a
well, depends upon the principle of atmospheric pressure,
which has been fally illustrated under the articles air pump
and barometer. a

What remarkable instance is stated, where a ship seemed to be saved

by the use of the barometer? What experiment is stated, as illustra-
ting the principle of the common pump ?
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These machines are of three kinds, namely, the sucking,
or common pump, the lifling pump, and the forcing pump.

Fig. 107. Of these, the common household pump

¢ is the most common, and for ordinary pur-

==poses, the most convenient. It consists of

aleng tube, or barrel, called the pump log,

which reaches from a few feet above the

ground to near the bottom of the'well.* At

a, fig. 107, is a valve, opening upwards,

called the pump boz. When the pump is

not in actien, this is Zlways shut., The

piston b, has an aperture through it, which

is closed by a valve, also opening upwards.

By the pupil who has learned what has

been explained under the articles air

pump and barometer, the action of this

machine will be readily understood.
Suppose the piston b, to be down to a,

. would be formed between a, and b, did
not the water in the well rise, in consequence of the pressure
of the atmosphere on that around the pump log in the well,
and take the place of the air thusremoved. Then on raising
the end of the lever, the valve a closes, because the water is
forced upon it, in consequence of the descent of the piston,
and at the same time the valve jn the piston b opens, and the
water, which cannot descend, now passes above the valve b.
Next, on raising the piston, by again depressing the lever, this
portion of water is lifted up to b, or a little above it, while an-
other portion rushes through the valve a, to fill its place.
After a few strokes of the lever, the space from the piston &
to the spout is filled with the water, where, on continuing to
work the lever, it is discharged in a constant stream.
Although, in common language, this is called the suction
pump, still it will be observed, that the water is elevated by
suction, or in more philosophical terms, by atmospheric pres-.

On what does the action of the common pump depend? How many
kinds of pumps are mentioned? W hich kind is the common ? Describe
the common pump. Explain how the common pump acts. When the
lever is depresscd, what takes place in the pump barrel? When the
lever is elevated, what takes place? How far is the water raised by
atmospheric pressure, and how far by lifting?

then on depressing the lever ¢, a vacuum -
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sure, only above the valve a, afier which it is raised by lifting
up to the spout. The water, therefore, is pressed into the
pump barrel by the atmosphere, and thrown out by lifting.

The lifting pump, properly so called, has the piston in the
lower end of the barrel, and raises the water through the
whole distance, by forcing it upward without the agency of
the atmosphere. ’

In the suction pump, the pressure of the atmosphere will
raise the water 33 or 34 feet, and no more, after which it may
be lifted to any height required.

The forcing pump differs from both these-in having its pis-
ton solid, or without a valve, and also in having a side pipe,
through which the water is forced, instead of rising in a per-
pendicular direction, as in the others. '

" N',fig' 108. The forcing pump-is represent-

ed by fig. 108, where a is a solid

piston, working air tight in its

barrel. The tube ¢, leads from

the barrel to the air vessel d.

Through the pipe p the water is

thrown into the open air. gisa

n gauge, by which the pressure of

- the water in the air vessel is as-

" certained. Through the pipe f,

g the water ascends into the barrel,

\ the upper end being furnished
. with a valve opening upwards,
To explain the action of this

pump, suppose the piston to be

@ down to the bottom of the barrel,

and then to be raised upward by

& the lever / ; the tendency to form

R avacuum in the barrel will bring

v the water up through the pipe 1,

by the pressure of the atmos-

phere. Then on depressing the piston, the valve at the bottom
of the barrel will be closed, and the water, not finding admit-
tance through the pipe whence it came, will be forced through .
the pipe ¢, and opening the valve at its upper end, will enter

How does the lifting pump differ from the common pump? How

" does the forcing pump differ from the common pump? Explain fig.

108, and shew in what manner the water is brought up through the pipe
%, and afterwards thrown out at the pipe p. .
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"into the air vessel d, and be discharged through the pipe p,

into the open air. . :

“The water is therefore elevated to the piston barrel by the
pressure of the atmosphere, and afterwards thrown out by the
piston. It is obvious, that by this arrangement, the height to
which the fluid may be thrown, will depend on the power ap-
plied to the lever, and the strength with which the pump is

made. : :

The air vessel d, contains air in its upper part only, the
lower part, as we have already seen, being filled with water.
The pipe p, called the discharging pipe, passes down into the
water 8o that the air -cannot escape. The air is therefore
compressed, as the water is forced into the lower part of the
vessel, and reacting upon the fluid by its elasticity, throws it
out of the pipe in a continuad stream. The constant stream
which is emitted from the direction pipe of the fire engine is
entirely owing to the compression, and elasticity, of the air in
its air vessel. In pumps without such a vessel, as the water is
forced upwards, only while the piston is acting upon it, there
must be an interruption of the stream while the piston is as-
cending, as in the common pump. The air vessel is a remedy
for this defect, and is found also to render the labor of pump-
ing-more easy, because the force with which the air in the
vessel acts on the water, is always in addition to that given by
the force of the piston.

' Fig. 109. The fire engine is a modifica-
tion of the forcing pump. It
consists of two such pumps, the
pistons of which are moved by
alever with equal arms, the com-
mon fulcrum being at ¢, fig. 109.
While the piston a is descend-
ing, the ather piston b, is ascend-
ing. The water is forced, by

" the pressure of the'atmosphere,
through the common pife p, and
then dividing, ascends into the
working barrels of eachr piston,
where the valves, on both sides,
prevent its return. By the al-
ternate depression of the pistons,
it is then forced into the air box

Why does not the air escape from the air vessel in this pump ?
12*
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d, and then by the direction pipe e, is thrown where it is want -
ed. This machine acts precisely like the forcing pump, only.
that its power is doubled by having two pistons instead of ome.

Fig.110. +. There is a beautiful fountain, called
the JSountain of Hero, which acts by
the elasticity of the air, and on the
same principle:as that already describ-
ed. Its construction will be under-
stood by fig. 110, but its form may be
varied according to the dictates of
fancy or taste. The boxes a and b,
together with the two tubes, aremade
air tight, and streng, in proportion to
the height it is desired the fountain
should play.

To prepare the fountam for action,
fill the box @, through the spouting
tube nearly foll of water. The tube
¢, passing nearly to the top of the box,
will prevent the water from passing
downwards, while the spouting pipe
_ - | will prevent the air from escaping up-
wards, after the vessel is about half filled with the water.
Next shut the stop cock, of the spouting pipe, and pour water
into the open vessel d. * This will descend into the vessel b,
through the tube, which nearly reaches its bottom, so that
after a few inches of water are poured in, ho air can escape
except by the tube e, up into the vessel a. The air will then
be compressed by the weight of the column of water in the
tube ¢, and therefore the force of the water from the jet pipe
will be in proportion to the height of this tube. On turmn%
the stop cock, a jet of water will spout from the pipe that wil
amuse and astonish those who have never before seen such

an experiment.

ACOUSTICS.

Acoustics is that branch of natural philosophy which treats
of the origin, propagation, and effects of sound.

What effect does the air vessel have on the stream dmchargea” Why -
does the air vessel render the labor of raising the water more easy ?
Explain fig, 109, and describe the action of the fire engine. What cau-
ses the continued stream from the direction pipe of this engine? How
‘in the fountain of Hero constructed ?

vy,
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When a sonorous or sounding body is struck, it is thrown
into a tremulous, or vibrating motion. This motion is com-
municated to the air which surrounds us, and by the air is
conveyed to our ear drums, which also undergo a vibratory
motion, and this last motion, throwing the auditory nerves

_into action, we thereby gain the sensation of sound.

» Ifany sounding body, of considerable size, is suspended in
the air and struck, this tremulous motion is distinctly visible
to the eye, and while the eye perceives its motion, the ear
perceives its sound. .

_ That sound is conveyed to the ear by the motion which the
sounding body communicates to the air, is proved by an inter-
esting experiment with the air pump. Among philosophical
instruments, there is a small bell, the hammer of which is
moved by a spring connected with clock-work, and which is
made expressly for this experiment.

If this instrument be wound up, and placed urder the re-
ceiver of an air pump, the sound of the bell may at first be
heard to a considerable distance, but as the air is exhausted,
it becomes less and less audible, until no longer to be heard,
the strokes of the hammer, though seen by the eye, producing
no effect upon the ear. Upon allowing the air to return gra-
dually, a faint sound is at first heard, which becomes louder
and louder, until as much air is admittted, as was withdrawn.

On the contrary, when the air is more dense than ordinary,
or when a greater quantity is contained in a vessel, than in
the same space in the open air, the effect of sound en the ear
isincreased. Thisisillustrated by the use of the diving bell.

The diving bell is a large vessel, open at the bottom, under
which men descend to the beds of rivers, for the purpose of
obtaining articles from the wrecks of vessels. When this
machine is sunk to.any considerable depth, the water above,
by its pressure, condenses the air under it with great force,
In this situation, a whisper is as loud as a common veice in
the open air, and an ordinary voice becomes painful to the ear.

Again, on the tops of high mountains, where the pressure,
or density of the air is much less than on the surface of the
earth, the report of a pistol is heard only a few sods, and the

On what will the height of the jet from Hero’s fountain depend ?
W hat is acoustics? When a sonorous body is struck within hearing,
in what manner do we gain from it the sensation of sound? How is it
proved, that sound is conveyed to the ear hy the medium of the air?
When the air is more dense than ordinary, how does it affect sound ?
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human voice is 8o weak as to be inaudible at ordinary dis-
tances. .

Thus, the atmosphere which surrounds us, is the medium
by which sounds are conveyed to our ears, and to its vibrations
we are indebted for the sense of hearing, as well as all we en-
joy from the charms of music.

The atmosphere, though the most common, is not, however,
the only, or the best conductor of sound. Solid bodies con-
duct sound better than elastic fluids. Hefice if a person lay
hisear on a long stick of timber, the scratch of a pin may be
heard from the other end of the timber, which could not be
perceived through the air. o

The earth conducts loud rumbling sounds made below its
surface to great distances. Thus it is said, that in countries
where volcanoes exist, the rambling noise which generally

recedes an eruption, is heard first, by the beasts of the field,

cause their ears are commonly near the ground, and that

by their agitation and alarm, they give warning of its ap-
proach. .

The Indians of our country will discover the approach of
horses or men, by laying their ears on the ground, when they
are at such distances as not to be heard in any other manner.

Sound is propagated through the air at the rate of 1142 feet
in a second of time. When compared with the velocity of
light, it therefore moves but slowly. Any one may be con-
vinced of this, by watching the discharge of cannon at a dis-
tance. The flash is seen apparently at the instant the gunner

touches fire to the powder, the whizzing of the ball, if the .

ear is in its direction, is next heard, and lastly the report.

Solid substances convey sound with greater velocity than
air, as is proved by the following experiment, lately made at
Paris.

At the extrémity of a cylindrical tube, upwards of 3000
feet long, a ring of metal was placed, of the same diameter as
the aperture of the tube; and in the centre of this ring, in
the mouth of the tube, was suspended a clock bell, and ham-
mer. The hammer was made to strike the ring and the bell
at the same isstant, so that the sound of the ring would be

What is said of the effects of sound on the-tops of high mountains ?
‘Which are the best conductors of sound, solid or elastic substances ?
What is said of the earth as a conductor of sounds? How is it said
that the Indiaps discover the approach of horses? How fast does
sound pass through the air? Which convey sounds with the greatest
velocity, solid substances, or air? .
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transmitted to the remote end of the: tube, through the con-
ducting power of the tube itself, while the sound of the bell
would be transmitted through the medium of the air inclosed
in the tube. The ear being then placed at the remote end of
the tube, the sound of the ring, transmitted by the metal of
the tube, was first heard distinctly, and after a short interval
had elapsed, the sound of the bell, transmitted by the air in
the tube was heard. The result of several experiments was,
that the metal conducted the sound at the rate of about 11,865
feet per second, which is about ten and a half times the velo-
city with which it is conducted by the air.

Sound moves forward in straight lines, and in this respect
follows the same laws as moving bodies, and light. It also
follows the same laws in being reflected, or thrown back, when
it strikes a solid, or reflecting surface.

If the surface be smooth, and of considerable dimensions,
the sound will be reflected, and an echo will be produced ;
but if the surface is very irregular, soft, or small, no such ef-
fect will be produced.

In order to hear the echo, the ear must be placed in a cer-
tain direction, in respect to the point where the sound is pro-
duced, and the reflecting surface. -

Fig. 111. 1f a sound be produced at a, fig. 111, and
] strike the plane surface b, it will be reflected

CEESSsmS=al. hack in the same line, and the echo will be
heard at ¢ or a. That is, the angle under
which it approaches the reflecting surface,
and that under which it leaves it, will be

equal.

Whether the sound strikes the reflecting
eC surface at right angles, or obliquely, the an-
gle of approach, and the angle of reflection

e will always be the same, and equal.
Fig. 112. This is illustrated by
fig. 112, where suppose a
c pistol to be fired at a,
¥ 4 _ while the reflecting sur-
face is at ¢ ; then the echo
3 will be heard at b, the an-

gles 2 and 1 being equal
to each other.

Describe the experiment proving that sound is conducted by a metal
with greater velocity than by the air. In what lines does sound move?
From what kind of surface is sound reflected, 8o as to produce an echs >
Explain fig. 111,
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If a sound be emitted between two reflecting surfaces,
parallel to each other, it will reverberate, or be answered
backwards and forwards several times.

Fig. 113. Thus, if the sourid be made at a, fig. 113,
a ¢ it will not only rebound back again to a, but
will also be reflected from the points ¢ and
d, and were such reflecting surfaces placed
at every point around a circle from a, the
sound would be threwn back from them all,
at the same instant, and would meet again

at the point a. .
a \' We shall see under the article Optics,
- - that light observes exactly the same law in
respect to its reflection from plane surfaces, and that the angle
at which it strikes is called the angle of incidence, and that
under which it leaves the reflecting surface is called the angle
of reflection. 'The same terms are employed in respect to

sound.

In a circle, as-mentioned above, sound is reflected from
every plane surface placed around it, and hence if the sound
is emitted from the centre of a circle, this centre will be the
point at which the echo will be the most distinct.

Fig. 114. Suppose the ear to be placed at

e the point a, fig. 114, in the centre

e of a circle ; and let a sound be pro-

duced at the same point, then it

would move along the line @ ¢, and

be reflected from the plane surface,

b.back on the same line to @ ; and

this would take place from all the

plane surfaces placed around the

circumference of the circle ; and

‘ as all these surfacesare at an equal,

c and the same distance, from the

centre, so the reflected sound will arrive at the point a,

at the same instant, and the echo will be loud, in proportion
to the number, and perfection of these reflecting surfaces.

Explain fig. 112, and show in what direction sound ‘approaches and
leaves a reflecting surface. What is the angle under which sound
strikes a reflecting surface called ? What is the angle under which it
leaves a reflecting surface called ? Is there any difference in the quan-
tity of these two angles ? Suppose a pistol to be fired in the centre of
a circular room, where would be the echo ? -
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It is apparent that the auditor, in this case, must be placed
in the centre from which the sound proceeds, to receive the
greatest effect. - But if the shape of the room be oval, or ellip-
tical, the sdund may he made in one part, and the echo will
be heard in another part, because the ellipse has two points,
called foci, at one of which, the sound being produced, it will
be concentrated in the other.

Fig. 115. Suppase a sound to be produced at a,
fig. 115, it will be reflected from the
sides of the room, the angles of incidence
being equal to those of reflection, and
will be concentrated at 5. Hence a
hearer standing at b will be affected by
the united rays of sound from different
parts of the room, so thata whisper at a,

not be heard in any other part of the
room. Were the sides of the room lined
with a polished metal, the rays of light
or heat would be concentrated in the

same manner.

T'he reason of this will be obvious, when we consider, that
an ear, placed at ¢ will receive only one ray of the sound pro-
ceeding from a, while if placed at b, it will receive the rays
from all parts of the room. Such a raom, whether construct-
ed by design or accident, would be a whispering gallery.

On a smooth surface, the rays, or pulses of sound will pass
with less impediment than on a rough one. For this reason,
persons can talk to each other on the opposite sides of a river,
when they could not be understood to the same distance over
the land. The report of a cannon, at sea, when the water is
smooth, may he heard at a great distance, but if the sea is
rough, even without wind, the sound will be broken, and will
reach only half as far.

The strings of musical instruments are elastic cords, which
being fixed at each end, produce sounds, by vibrating in the
middle. :

Explain fig. 114, and give the reason. Suppose a sound to be pro-
duced in one of the foci of an ellipse, where then might it be distinctly
heard? Explain fig. 115,and give the reason. W hy is it that persons

oan convérsé on the opposite sides of a river, when they could not hear

each other at the same distance over the land? How do the strings of
musical instrumeénts produce sounds ? )

Be,

G
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The string of a violin, or piano, when pulled to one side by
its middle, and let go, will vibrate backwards and forwards,
like a pendulum, and striking rapidly against the air produces
tones, which are grave, or acute, according to its tension, size,
or length. L

The manper in which such a string vibrates, is shown by
fig. 116. . ' :

Fig. 116. . If pulled from e to

£ a, it will not stop a-

gain at ¢, but in pas-

sing from a to e, it

will gain a momen-

tum, which will car-

: a ry it to ¢, and in re-

turning, its momentum will again carty it to d, and so on, back-

wards and forwards, like a pendulum, until its tension, and
the resistance of the air, will finally bring it to rest.

The grave, or sharp tones of the same string, depend on
its different degrees of tension; hence if ‘a string be struck,
and while vibrating, its tension be increased, its tone will
be changed from a lower to a higher pitch.

Strings of the same length are made to vibrate slow, or -
quick, and consequently to produce a variety of sounds, by
making some larger than others, and giving them different
degrees of tension. 'The violin and bass viol are familiar ex-
amples of this. The low, or bass strings, are covered with
metallic wire, in order to make their magnitude and weight,
prevent their vibrations from being too rapid, and thus they
are made to give deep or grave tones. The other strings are
diminished in thickness, and increased in tension, so as to »
make them produce a greater number of vibrations in a given
time, and thus their tones become sharp or acute, in pro-
portion.

Under certain circumstances, a long string will divide itself
into halves, thirds, or quarters, without" depressing any part
of it, and thus give several harmonious tones at the same time.

The fairy tones of the Aolian harp are produced in this
manner. This instrument consists of a simple box of wood,
with four or five strings, two or three feet long, fastened at

Explain fig. 116. On what de the grave or acute tones of the same
string depend 2 Why are the bass strings of instruments covered with
metallic wire? Why is there a variety of tones in the olian h&rp,
since all the strings are tuned in unison?

-,
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each end. These are tuned in unison, so that when made to
vibrate with force, they produce the same tones. But when
suspended in a gentle breeze, each string, according to the
manner, or force in which it receives the blast, either sounds
as a whole, or is divided into several parts, as above described.
‘¢ The result of which,” says Dr. Arnot, ‘“ is the production of
the most pleasing combination, and succession of sounds,
that the ear ever listened to, or fancy perhaps conceived.
After a pause, this fairy harp is often heard beginning with a
low, and solemn note, like the bass of distant music in the
sky ; the sound then swells as if approaching, and other tanes
break forth, mingling with the first, and with each other.”
. The manner in which a string vibrates in parts, will be
understood by fig. 117. '
. Fig. 117.

a4 C
a l4

Suppose the whole length of the string to be from a to b,
and that it is fixed to these two points. ~ The portion from b
to ¢, vibrates as though it was fixed at ¢, and its tone differs
from those of the other partsof the string. 'I'he same happens
from c to d, and from d to a. While a string is thus vibra-
ting, if a small piece of paper be laid on the part ¢, or d, it
will remain, but if placed on any other part of the string, it
will be shaken off.

Wind. ' :

Wind is nothing more than air in motion. The use of a
fan, in warm weather, only serves to move the air, and thus
to make a little breeze about the person using it. -

As a natural phenomenon, that motion of the air which we
call wind, is produced in consequence of there being a great-
er degree of heat in one place than in another. The air thus
heated, rises upward, while that which surrounds this, moves
forward to restore the equilibrium. -

The truth of this is illustrated by the fact, that during the
burning of a house in a calm night, the motion of the air to-
wards the place, where it is thus rarified, makes the wind
blow from every point towards the flame.

Explain fig. 117, showing the manner in which strings vibrate in
parts. What is wind? As a natural phenomenon how is wind produ-
ced, or, what is the cause of wind? How is this illustrated ?

13
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In islands situated in hot climates, this principle is charm-
ingly illustrated. The land, during the day time, being under
the rays of a tropical sun, becomes heated in a greater degree
than the surrounding ocean, and consequently, there rises
from the land a stream of warm air, during the day, while
the cooler air from the surface of the water, moving forward
to supply this partial vacancy, produces a cool breeze setting
inland on all sides of the island. This constitutes the sea
breeze, which is so delightful to the inhabitants of those hot
countries, and without which men could hardly exist in some
of the most luxuriant islands between the tropics. .

During the.night the motion of the air is reversed, because
the earth, being heated superficially, soon cools, when the sun
is absent, while the water being warmed several feet below its
surface retains its heat longer. .

Consequently, towards morning, the earth becomes colder
than the water, and the air sinking down ppon it, seeks an
equilibrium by flowing outwsrds, like rays from a centre, and
thus the land breeze is produced.

The wind then continues to blow from the land, until the
equilibrium- 1s restored, or until the morning sun makes the
land of the same temperature as the water, when for a time
there will be a dead calm. Then again the land becoming
warmer than the water, the sea breeze returns as before, and
thus the inhabitants of those sultry climates are constantly
refreshed during the summer season, with alternate land and
sea breezes.

. At the equator, which is a part of the earth continually un-
der the heat of a burning sun, the air is expanded and ascends
upwards, so as to produce currents from the north and south,
which mave forward to supply the plage of the heated air as it
rises. These two currents, coming from latitudes, where the
daily motion of the earth is less than at the equator, do not
obtain its full rate of motion, and therefore when they ap-
proach the equator, do not move so fast eastward as that por-
-tion of the earth, by the difference between the equator’s
velocity, and that of the latitudes from which they come.
This wind, therefore, falls behind the earth in her diurnal
motion, and consequently has a relative motion towards the

In the islands of hot climates, why does the wind blow inland during
the day, and off the land during the night? What are these breezes
called? What is said of the ascent of heated air at the equator ? What
is the consequence on the air towards the north and south? ‘
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west. This constant breeze towards ‘the west is called the
trade wind, because a large portion of the commerce of nations,
comes within its influence.

While the air in the lower regions of the atmosphere is
thus constantly flowing from the north and south towards the
equator, and forming the trade winds between the tropics, the
heated air from these regions as perpetually rises up, and forms
a counter current through the higher regions towards the
north and south frem the tropics, thus restoring the equi-
librium.

This counter motion of the air in the upper and lower re-
gions is illustrated by a very simple experiment. Open a door
a few inches, leading into .a heated room, and hold a lighted
candle at the top of the passage ; the current of air as indica-
ted by the direction of the flame, will be out of the room.

-Then set the candle on the floor, and it will show that the
current is there enfo the room. Thus while the heated air
rises up and passes out of the room, that which is colder flows
in, along the floor, to take its place.

This explains the reason why our feet are apt to suffer with .
the cold, in a room moderately heated, while the other parts
of the body are comfortable. It also explains why those who
sit in the gallery of a church are sufficiently warm, while those
who sit below, may be shivering with the cold.

From such facts, showing the tendency of heated air to as-
cend, while that which is colder moves forward to supply its
place, it is easy to account for the reason why the wind blows
perpetually from the north and south towards the tropics ;
for, the air being heated, asstated above, it ascends, and then
flows north and south towards the poles, until, growing cold,
it sinks down, and again flows towards the equator.

Fig. 118. Perhaps
these oppo-
site motions
of the two
currentswill-
bebetter un-
derstood by
% the sketch
4 figure 116,

How are the trade winds formed? While the air in the lower re-
gions flows from the north and south towards the equator, in what di-
rection does it flow in higher regions” How is this counter current in
- lower and upper regions illustrated by a simple experiment ?
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Suppose a b ¢ to represent a portion of the earth’s surface,
a being the north pole, ¢ the south, and b the equator. The
currents of air are supposed to’ pass in the direction of the ar-
rows. The wind, therefore, from a to b would blow, on the
surface of the earth, from -north to south, while from e to a,
the upper current would pass from south to north, until it
came to.a, when it would change its direction towards the
south, The currents in the southern hemisphere being gov-
erned by the same laws, would assume similar directions.

OPTICS.

Optics is that science which treats of vision, and the pro-
perties and phenomena of light.

The term optics is derived from a Greek word, which signi-

fies seeing.

This science is one of the most elegamt and important
branches of natural philosophy. It presents us with experi-
ments which are attractive by their beauty, and which astonish

us by their novelty ; and, at the same time, it investigates the .

principles of some of the most useful among the articles of
common life.

There are two opinions cohcerning the nature of light.
Some maintain that it is composed of material particles, which
are constantly thrown off from the luminous body; while oth-
ers suppose that it is a fluid diffused through all nature, and
that the luminous, or burning body occasions waves, or undu-
lations in this fluid, by which the light is propagated in the
same manner as sound is conveyed through the air. The
probable opinion however, is, that light is composed of exceed-
ingly minute particles of matter. But whatever may ‘be the
nature, or cause of light, it has certain general properties, or
effects which we can investigate. Thus, by experiments, we
can determine the laws by which it is governed in its passage
through different transparent substances, and also those by
which it is governed wh®n-it strikes a substance through
which it cannot pass. We can likewise test its nature to a
certain degree, by decomposing, or dividing it into its elémen-

What common fact does this experiment illustrate? Define Optics.
What is said of the elegance and importance of this science ? W hat
are the two opinions concerning the nature of light 2 What is the most
probable opinion ? . -
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tary parts, as the chemist decomposes any substance he wishes
to analyze. i : .

To understand the science of optics, it is necessary to define
several terms, which, although some of them may be in com-
mon use, have a technical meaning, when applied to this
science..

Light is that principle, or substance, which enables to
see any body from which it proceeds. If a luminous sub-
stance, as a burning candle, be carried imto a dark room, the
objects in the room become visible, because they reflect the
light of the candle to our eyes.

Luminous bodiés are such as emit light from theit own
substance. The sun, fire, and phosphorus, are luminous bo-
dies. The moon, and the other planets are not luminous,
since they borrow their light from the sun.

. Transparent bodies are such as permit the rays of light to
pass freely through them. Air and some of the gases are
perfectly transparent, since they transmit light without being
visible themselves. Glass and water are also considered trans-
parent, but they are not perfectly so, since they are themselv
visible, and therefore- do not suffer the light to pass thro
without interruption. >

T'ranslucent bodies are such as permit the light to pass, but
not in sufficient quantity to render objects distinct, when seen -
through them.

Opagque is the reverse of transparent. Any body which °
permits none of the rays of light to pass through it, is opaque.

Tlluminated, enlightened. Any thing is illuminated when
the light shines upon it, so as to make it visible. Bvery object
exposed to the sun is illuminated. A lamp illuminates g
room, and every thing in it. .

b :i& Ray is a single line oflight, as it comes from a luminous
ody.

A Beam of light is a body of parallel rays.

A Pencilof light is a body of diverging or converging rays.

Divergent rays, are such as come from a point, and gontin-
ually separate wider apart, as they proceed.

Whatis light? What is a luminous body? What is a transparent
body ? Are glass and water perfectly transparent ? How is it proved
that air is perfectly transparent? What are translucent bodies ? What
are ppaque bodies? What is meant by illuminated 7 What is a ray of
light? What is abeam? What a pencil? What are divergent rays?

13*.
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Convergent rays, are those which approach each other, so
as to meet at a common point. :

Luminous bodies emit rays, or pencils of light, in every di-
rection, so that the space through which they are visible is
filled with them at every possible point. )

Thus the sun illuminates every point of space, within the
whole solar system. A light, as thatof a light house, which
can be seen from the distance of ten miles in one direction,
fills every point in a circuit of ten miles from it, with light.
Were this not the case, the light from it could not be seen from
every point within that circumference.

The rays of light move forward in straight lines from the
luminous body, and are never turned out of their course ex-
cept by some obstacle.

Fig. 119. ~  Let g, fig. 119,
be a beam of light
from the sun pass-
ing through ' a
small orifice in
the window shut-

) ter b. The sun
canfhot be seen through the crooked tube ¢, because the beam
passing in a straight line, strikes the side of the tube, and
therefore does not pass through it.

All illuminated bodies, whether natural or artificial, throw
off light in every direction of the same. colour as themselves,
though the light with which they are illuminated is white or
without colour.

This fact is obvious to all who are endowed with sight.
Thus, the light proceeding from grass is green, while that
proceeding from a rose is red, and so of every other colour.

We shall be convinced in another place, that the white
light with which things are illuminated is really composed of
several colours, and that bodies reflect only the rays of their
own colour, while they absorb all the other rays.

Light moves with the amazing rapidity of about 95 millions
of miles in 8] minutes, since it is proved, by certain astro-
nomical observations, that the light of the sun comes to the

What are convergent rays? In what direction do luminous bodies
emit light? How is it proved that a luminous body fills every poiat
within a certain distance with light? Why cannot a beam of light be
seen through a bent tube? What is the colour of the light which dif-

ferent bodies throw off? If grass throws off green light, what becomes -

of the other rays ?

“

|
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earth in that time. - This velocity is so great, that to any dis-
tance at which an artificial light can be seen, it seems to be
transmitted instantaneously. : '

If a ton of gun powder were exploded on the top of a moun-
tain, where its ‘light could be seen a hundred miles, no per-
ceptible difference would be observed in the time of its ap-
pearance on the spot and at the distance of a hundred miles.

. Refraction of Light.

Although a ray of light will always pass in a straight line,
when not interrupted, yet when it passes from one transparent
body into another, of a different density, it leaves its former
direction, and is bent, or refracted, more or less obliquely.
This change in the direction of light, seems to arise from a
certain power, or quality which transparent bodies possess in

Fig. 120. different degrees ; for some substances
bend the rays of light much more ob-
liquely than others.

The manner in which the rays of
light are refracted, may be readily un-

4, derstood by fig. 120.
- L@t a be a ray of the sun’s light, pro-
cemding obliquely towards the surface
of the water ¢, d, and let e be the point
which it would strike, if moving only
through the air. Now instead of pass-
ing through the water in the line a, ¢, it will be bent or re-
Fig. 121 fracted on entering the water,
from o to n,and having passed
through the fluid in a straight
line, it is again refracted in a
contrary direction on passing
_ out of the water, and then pro-
ceeds onward in a straight line

as before.

The refraction of water is
beautifully proved by the fol-
lowing simple experiment.
Place an empty cup, fig. 121,
with a shilling on the bottom, in such a position, that the side

What is the rate of velocity with which light moves? Can we per-
ceive any difference in the time which it takes an artificial light to pass
to us from a great or small distance? W hat is meant by the refraction
of light? Do all transparent bodies refract light equally?

,“- o




148 OPTICS,

of the cup will just hide the piece of money from the eye.
Then let another person fill the cup with water, keeping the
eye in the same position as before. As the water is poured
in, the.shilling will become visible, appearing to rise up with
the water. The effect of the water is to bend the ray of light
coming from the shilling, so as to make it meet the eye below
the point where it otherwise would. Thus the eye could not
see the shilling in the directiion of ¢, since the line of vision
is towards a, and ¢ is hidden by the side of the cup. But the
refraction of the water bends the ray downwards, producing
the same effect as though the object had been raised upwards,
and hence it becomes visible.

The transparent body through which the light-passes is
called the medium, and it is found in all cases, that where a
ray of light passes obliquely from one medium into another of
a different density, it 18 refracted, or turned out of its former
course. This is illustrated in the above examples, the water
being a more dense medium than the air. The refraction
takes place at the surface of the medium, and the ray is re-
fracted in its ‘passage out of the refracting substance as well
asintoit. ]

If the ray, after having passed through the water, then
strikes upon a still more dense medium, as a pane of glass, it

Fig. 122.  will again be refracted. It is understood,
that in all cases, the ray must fall upon the
refracting medium obliquely in order to be re-
fracted, for if it proceeds from one medium to
another perpendicularly to their surfaces, it
will pass straight through them all, and no re-
fraction will take place.

Thus in fig. 122, let a represent air, b wa-
ter, and ¢ a piece of glass. 'Theray d striking
each in a perpendicular direction, passes
through them all in a straight line. The ob-

. lique ray passes through the air in the direc-
tion of ¢, but meeting the water, is refracted
# 2 inthe direction of 03 then falling upon the
glass, it is again refracted in the direction of
D, nearly parallel with the perpendicular line d.

Explain fig. 120, and show how the ray is refracted in passing into
and out of the water. Explain fig. 121, and state the reason why the
shilling seems to be raised up by pouring in the water. What is & me-
dium? In what direction must a ray of light pass towards the medium
to be refracted? Will a ray falling perpendicularly on a medium be re-
fracted? Explain fig. 122, and show how the ray ¢ is refracted.

+aluliae,
’
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In all cases where the ray passes out of a rarer into a den-

ser medium, it is refracted towards a perpendicular line, raised
Fig. 123. from the surface of the denser medium,

e and so, when it passes ont of a denser, in-
to a rarer medium, it is refracted from the
same perpendicular.

Let the medium b, fig. 123, be glass, and
Z the medium ¢, water. The ray a, asit
falls upen the medium b, is refracted to-
wards the perpendicular line ¢,d; but
¢ when it enters the water, whose refractive
power is less than that of glass, it is not
9 bent so near the perpendicular as before,
and hence it is refracted from instead of towards the perpen-
dicular line, and approaches the original direction of the ray
a, g, when passing through the air.
. The cause of-refraction appears to be the power of attrac-
tion, twhich the denser medium exerts on the passing ray;
and in all cases the attracting force acts in the direction of a
perpendicular to the refracting surface. s

The refraction of the rays of light, as they fall upon the sur-
face of the water, is the r#ison why a straight rod, with one
end in the water and the other end rising above it, appears to
be broken, or bent, and also to be shortened.

Fig. 124. . Suppose the rod a, fig. 124, to be set up-
right, with one half of its length below the
> surface of the water, and the other half
" above it. The eye being placed in an ob-
lique direction, would see the lower end ap-
parently at the point o, while the real ter-
mination of the rod would be at n: the re-
fraction would therefore make the rod ap-
pear shorter by the distance from o to n, or one fourth shorter
than the part below the water really is. The reason why the
rod appears distorted, or broken, is, that we judge of the di-
rection of the part which is under the water, by that which-
is above it, and the refraction of the rays coming from below
the water, give them a different direction, when compared
with those coming from that part of the rod whi&h is above it.

P

‘When the ray passes out of a rarer into a denser medium, in what di-
rection is it refracted? When it passes out of a denser into a rarer me-
dium, in what direction is the refraction? Explain this by fig. 122.—
‘What is the cause of refraction? What is the reason that a rod, with
one end in the water, appears distorted, and shorter than it really is?
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Hence, when the whole rod is below the water, no such dis-
torted appearance is observed, because then all the rays are
refracted equally.

For the reason just explained, persons are often deceived
in respect to the depth of water, the refraction making it ap-
pear much more shallow than 1t really is; and there is no
doubt but the most serious accidents have often happened to
those who have gone into the water under such deception;
for a pond which is really six feet deep, will appear to the eye
only a little more than four feet deep.

Reflection of Light.

If a boy throws his ball against the side of a house swiftly,
and in a perpendicular direction, it will bound back nearly in
the line in which it was thrown, and he will be able to catch
it with his hands; but if the ball be thrown obliquely to the
right, or left, it will bound away from the side of the house in
the same relative direction at which it was thrown.

The reflection of light, so far as regards the line of ap-

Fig. 125. proach, and the line of leaving a reflecting

c * surface, is governed by the same law.

. Thus if a sun beam, fig. 125, passing
through a small aperture in the window
shutter a, be permitted to fall upon the
plane mirror, or looking glass, ¢, d, at right
angles, it will be reflected back at right
angles with the mirror, and therefore will

pass back again in exactly the same direction in which it ap-

__proached the mirror. .

¥ But if the ray strikes the mirror in an oblique direction, it

Fig. 126. will also be thrown off in an obliuge direc-

a tion oposite to that in which it came.
Let a ray pass towards the mirror in the
line a, ¢, fig. 126, it will be reflected off in
1 the direction of ¢, d, making the angles 1

4 and 2 exactly equal.

The ray a, ¢, is called the incident ray,
and that from ¢ d, the reflected ray; and it
o[\, is found in all cases, that whatever angle
the ray of incidence makes with the reflect-

Why does the water in a pond appear less deep than it really is> Sup-
pose a sun beam fall upon a plane mirror at right angles with its surface,
in what dircction will it be reflected? Suppose the ray falls obliquely
on its surface, in what direction will it then be reflected> What is an
incident ray of light? What is a reflected ray of light? .

, ok
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Fig. 127. ing sutface, or with a perpendicular line drawn
from the reflecting surface, exactly the same
angle is made by the reflected ray.

From these facts, arises the general law in op-
‘tics that the angle of reflection is equal to the
angle of incidence. -

The ray a, ¢, fig. 127, is the ray of incidence,
and that from ¢ to d, is the ray of reflection.
The angles which a, ¢, makes with the pérpen-

. dicular line, and with the plane of the mirror,

is exactly equal to those made by ¢, d, with

; ¢ the same perpendicular, and the same plane sur-
ace.

Mirrors.

Mirrors are of three kinds, namely, plane, convezr and con-
cave. They are made of polished metal, or of glass covered
on the back with an amalgam of tin and quicksilver.

The common looking glass is a plane mirror, and cousists
of a plate of ground glass so highly polished as to permit the
rays of light to pass through it with little interruption. On
the back of this plate is placed the reflecting surface, which
consists of a mixture of tin and mercury. The glags plate,
therefore, only answers the purpose of sustaining the metallic
surface in its place,—of admitting the rays of light to, and
from it, and of preventing its surface from tarnishing, by ex-
cluding theair. Could the metallic surface, however, be re-
tained in its place, and not exposed to the air, without the glass
plate, these mirrors would be much more perfect than they
are, since, in practice, glass .cannot be made so perfect as to
transmit all the rays of light which fall on its surface.

When applied to the plane mirror, the angles of incidence
and of reflection are equal, a8 already stated, and-it therefore
follows, that when the rays of light fall upon it obliquely in one
direction, they are thrown off under the same angle in the op-
posite direction. s

This is the reason why the images of objects can be seea
when the objects themselves are not visible.

What general law in optics results from observations on the incident
and reflected rays? How many kinds of mirrors are there? What
kind of mirror is the common looking glnss? Of what use is the glass
plate in the construction of this mirror?
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Fig. 128. Suppose the mirror a b, fig. 128, to be
placed on the side of a room, and a lamp
. to be set in another room, but so situa-
ted, as that its light would shine upon
the glass. The lamp itself could not be
e 4 geen by the eye placed at e, because the
partition d is between them ; but its
image would be visible at ¢, because the
angle of the incident ray, coming from
the light, and that of the reflected ray,
which reaches the eye, are equal.
b e An image from a plane mirror appears

o to be just as far behind the mirror, as
the object is before it, so that when a person approaches the
mirror, his image seems to come forward to meet him ; and
when he withdraws from it, his image appears to be moving
back at the same rate. For the same reason, the different
parts of the same object will appear to extend as far behind
the mirror, as they are before it.

If, for instance, one end of a rod two feet long be made to
touch the surface of such a mirror, this end of the rod, and its
image, will seem to touch each other, while the other end of
the rod, and the other end of its image, will appear to be
equally distant from the point of contact.

The reason of this is-explained on the principle, that the
angle of incidence and that of reflection are equal.

Fig. 129. * Suppose the arrow a, to be the
object reflected by the mirror d ¢,
fig. 129 ; the incident rays a,
flowing from the end of the ar-
row, being thrown back by reflec-
tion, will meet the eye in the
same state of divergence that
they would do, if they proceeded
to the same distance behind the
mirror, that the eye is before it,
agat 0. Therefore, by the same

Explain fig. 128, and show haw the image of an object can be seen in
& plane mirror, when the real object is invisible. The image of an ob-
ject appears just as far behind a plane mirror, as the object is before it ;
explain fig. 129, and show why this is the case.
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- law, the reflected rays, where.they meet the eye at e, appear
to diverge from a point A, just as far behind the mirror, as the
eye is before it, and consequently the end of the arrow most
remote from the glass, will appear to be at 4, or the point
where the approaching rays would meet, were they continued
onward behind the glass. The rays flowing from every other
part of the arrow follow the same law ; and thus every part
seems to be at the same distance behind the mirror that it
really is before it. .

In aplane mirror, a person may see his whole image, when
the mirror is only half as long as himself; let him stand at
any distance from it whatever.

This is also explained by the law, that the angles of inci-
dence and reflection are equal. If the mirror be elevated, so
that the ray of light from the eye, falls perpendicularly upon
it, this ray will be thrown back by reflection in the same di-
rection, so that the incident and reflected ray by which the
image of the eyes and face are formed, will be nearly parallel,
while the ray flowing from his foot, will fall on the mirror
obliquely, and will be reflected as obliquely in the contrary
direction, and so of all the other rays by which the image of
the different parts of the person is formed.

Fig. 130. Thus suppose the mir-
£ /7 T0r ¢ ¢, fig. 130, to be just
= half as loug as the arrow
placed before it, and sup-
pose the eye to be placed
ata. Then the rayac,
proceeding from the eye
at a, and falling perpen-
dicularly an the glass.at
¢, will be reflected back
to the eye in the same
line, and this part of the image will appear at , in the same
line, and at the same distance behind the glass that the arrow
‘is before it. But the ray flowing from the lower extremity of
the arrow, will fall on the mirror obliquely, as at e, and will be
reflected under the same angle to the eye, and therefore the
extremity of the image, appearing in the direction of the re-

‘W hat must be the comparative length of a plane mirror, in which a
person may see his whole image? In what part of the image, fig. 138,
are the incidental and reflected rays nearly parallel? Why does the
image of the lower part of the arrow appear atd? -

r
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flected ray, will be seen at d. The rays flowing from the
other parts of the arrow, will observe the same law, and thus
the whole image is seen distinctly, and in the same position
as the object. '

To render this still more obvious, suppose the mirror to be
removed, and another arrow to be placed in the position where
its image appears, behind the mirror, of the same length as
the one before it. Then the eye, being in the same position
as represented in the figure, would see the different parts of
the real arrow in the same direction that it before saw the
image. Thus the ray flowing from the upper extremity of the
arrow, would meet the eye in the direction of b ¢, while the
ray coming from the lower extremity, would fall on it in the
direction of e d. :

Fig. 131 Convez Mirror. A convex mir-
ror is a part of a sphere, or globe,

reflecting fromthe outside.
' Suppose fig. 131 to be a sphere,
then the part from a to o, would be
1 ) a section of the sphere, and would
b o form a convex mirror. Any part
3 of a hollow ball of glass, with an
\ amalgam of tin and quicksilver

\\

spread on the inside, or any part
of a polished .metallic globe, would
form a convex mirror.
Fig. 132 The azis of a convex mirror, is a
: line as ¢ b, passing thirough its centre.

% Rays of light are said to diverge,
2 when' they proceed from the same
— point, and constantly recede fromeach
6-@ other, as from the point a, fig. 132.
Rays of light are said to converge,

when they approach each other in

such a direction as finally to meet at a point, as at b, fig. 132.
The image formed by a plane mirror, as we have already”
seen, is of the same size as the object, but the image reflected

from the convex mirror, is always smaller than the object.

Suppose the mirror, fig. 130, to be removed, and an arrow of the
same length to be placed where the image appeared, would the direction
of the rays from’the arrow be the same that they were from the image?
What is a convex mirror? What is the axis of a convex mirror? What
are diverging rays? What are converging rays?

L ]
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The law which governs the passage of light, to and from
the convex mirror, is the same as already stated, for the plane
mirror; the incident and reflected rays being always equal.

From the surface of a plane mirror, parallel rays are reflect-
ed parallel ; but the convex mirror causes parallel rays falling
on its surface to diverge, by reflection. -

Fig. 133. To make this obvious, let 1,
o 2, 3, fig. 133, be parallel rays,
falling on the surface of the con-
vex reflector, of which a would
be the centre, were the reflector
a whole sphere. The ray 2 is
perpendicular to the surface of
¢ the mirror, for when continued
in the same direction, it strikes
the axis, or centre of the circle a.
7 The two rays 1 and 3, being
parallel to this, all three would
4 falt on a plane mirror in a per-
¢ pendicular direction, and conse-
quently would be reflected in the lines of their incidence.
But the ebliquity of the convex surface, it is obvious, will
render the direction of the rays 1 and 3, oblique to that sur-
face, for the same reason that 2 is perpendicular to that part
of the circle on which it falls. Rays falling on any part of
this mirror, in a direction, which, if continued through the
circumference, would strike the centre, are perpendicular to
the side where they fall. Thus, the dotted lines ¢ @, and d
a, are perpendicular to the surface, as well as 2.

Now the reflection of the ray 2, will be back in the line of
its incidence, but the rays 1 and 3, falling obliquely, are re-
flected under the same angles at which they fall, and therefore
their lines of reflection will be as far without the perpendicular
lines ¢ @, and d a, asthe lines of their incident rays, 1, and 3, are
‘within them; and consequently they will diverge in the direc-
tion of e and o; and since we always see the image in the di-
rection of the reflected ray, an object placed at 1, would ap-
pear behind the surface of the mirror at », or in the direction
of the line o n,

e

a<—n
~

What law governs the passage of light from and to the convex mir-
ror? Are parallel rays falling on a convex mirror, reflected parallel?
Explain fig. 133,
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Perhaps the subject of the convex mirror will be better under-
stood by considering its surface to be formed of a number of
plane surfaces, indefinitely small. In this case, each point from
which a ray is reflected, would act in the same manner as a
plane mirror, and the whole, in the manner of a great number
of minute mirrors inclined from each other. :

Fig. 134. Suppose a, and b, fig. 134, to
» 2 the points on a convex mirror from
0 which the two parallel rays ¢, and

d are reflected. Now, from the
surface of a plane mirror, the re-
flected rays would be parallel,
* whenever the incident ones are
80, because each will fall upon the
surface under the same angles.
But it is obvious in the present
case, that these rays fall upon the
surfaces a, and b, under different angles, as respects the sur-
faces, c approaching in a more oblique direction than d; con-
sequently e, is reflected more obliquely than d, and the two
reflected rays, instead of being parallel, as before, diverge in
the direction of n, and o. :
Fig. 135. Again, the two converging
: rays a and b, fig. 135, withoat
the interposition of the reflect-
ing surfaces, would meet at o,
" but because the angles of reflec-
tion are equal -to those of inci-
dence, and because the surfa-
ces of reflection are inclined to
each other, these rays are re-
flected less convergent, and in-
s stead of meeting at the same
4 distance before the mirror, that
¢ ¢ is behind it, are sent off in
the direction of ¢, at which point they meet.
““ Thus parallel rays falling on a convex mirror, are render-
ed diverging by reflection ; converging rays are made less
convergent, or parallel, and diverging rays more divergent.”

@ &y

e

[yd

How is the action of the convex mirror illustrated by a number of
plane mirrors ? Explain fig. 135. What effect does the convex mirror
have upon parallel rays by reflection? What is its effect on converging
rays? What is its effect on diverging rays?

* .
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The effect of the convex mirror, therefore, is to disperse the
rays of light in all directions. It is proper here to remind the
pupil, that although the rays of light are represented on paper
by single lines, there are in fact probably millions of particles
or rays, proceeding from every point of all visible bodies.
Only a small number of these rays, it is obvious, can enter the
eye, for it is only by those which proceed in straight lines
from the different parts of the object, and enter the pupil, that
the sense of vision is excited.

. Now to conceive how exceedingly small must be the portion
of light thrown off, from any visible object, which enters the
eye, we must consider that the same object reflects rays in
every other direction, as well as in that in which it is seen.
Thus the gilded -ball on the steeple of a church, may be seen
by millions of persons at the same time, who stand upon the
ground, and were millions more raised above these, it would
be visible to all.

When therefore, it is said, that the convex mirror disperses
the rays of light which fall upon it from any object, and when
the direction of these reflected rays are shown only by single
lines, it must be remembered, that each line represents pen-
cils of rays, and that the light not only flows from the parts of
the object thus designated, but from all the other parts. Were
this not the case, the object would be visible only at certain
points.

The images of objects reflected from the convex mirror ap-
pear curved, because their different parts are not equally dis-
tant from its surface. »

Fig. 136. Let the object a, be placed ob-
/- « liquely before the convex mirror,
/..-v"

fig. 136, then the converging
rays from its two extremities
falling obliquely on its surfaee,
¢ were they prolonged through
the mirror, would meet at the
point ¢, behind it. But instead
of being thus continued, they
are thrown back by the mirror,

Do the rays of light proceed only from the extremities of objects, as
represented in figures, or from all their parts? Do all the rays of light
proceeding from an object enter the eye, or only a few of them? What
would be the consequencs, if the rays of light proceeded only from the
parts of an object shown in diagrams ? Why do the images of objects
reflected from convex mirrors appear curved ?

14* .

7.

-



158 MIRRORS,

in less convergent lines, which meet the eye at e, it being, as
we have seen, one of the properties of this mirror, to reflect
converging rays less convergent than before. .

The image being always seen in the direction from which
the rays approach the eye, it appears behind the mirror at d.
If the eye be kept in the same position, and the object a, be
moved further from the mirror, its image will appear smaller,
in a proportion inversely to the distance to which it is re-
moved. Consequently, by the same law, the two ends of a
straight object will appear smaller than its middle, because
they are further from the reflecting surface of the mirror.
Thus the images of straight objects, held before a convex
mirror, appear curved, and for the same reason, the features
of the face appear out of proportion, the nose being too large,
and the cheeks too small, or narrow. )

The reason why the image appears less than the object is,
that the convex surface of the mirror has the property, as sta-
ted above, of decreasing the convergency of the incidental
rays by reflection. . .

Now objects appear to us large or small, in proportion to
the angle which the rays of light, proceeding from their ex-
treme parts form, when they meet at the eye. For it is plain
that the half of any object will appear under a less angle than
the whole, and the quarter under a less angle still. Therefore
the smaller an object is, the sma_ller will be the angle under
which it will appear at a given distance. Hence, if a mirror
makes the angle under which an object is ,seen smaller, the
object itself will appear smaller than it really is. Hence the

Fig. 137. image of an object, when re-
. 4 flected from the convex mir-
v

2 /t_\ ror, appears smaller than the
el object itself. This will be

-----~....'.'_':;_~_’;\6understood by fig. 137,
Suppose the rays flowing
/:’\' from the extremities of the
- object a, to be reflected back
to ¢, under the same degrees
: of divergence at which they
£ strike the mirror, then, as in

Why do_the featurcs of the face appear out of proportion, by this
mirror? Why does an image reflected from a convex surface appear
smaller than the object? Why does the half of an object appear to the
eye smaller than the whole ?




MIRRORS, ‘ 159

the plane mirror, the image d, would appear of the same size
as the object a; for if the rays from a- were prolonged behind
the mirror, they would meet at b, but forming the same angle,
by reflection, that they would do, if thus prolonged, therefore
the object seen from b, and its image from ¢ will appear of
the same dimensions.

But instead of this, the rays from the arrow a, being ren-
dered less convergent by reflection, are continued onward, and
meet the eye under a more acute angle than at ¢, the angle
under which they actually meet, being represented at e,
consequently the image of the object is shortened in propor-
tion to the acuteness of this angle, and the object appears di-
minished, as represented at o. :

Fig. 138. - The image of an object as alrea-
dy stated appears less, asthe object
is removed to a greater distance
from the mirror.

To explain the reason of this, let
us suppose that the arrow a, fig. 138,
is diminished by reflection from the
convex surface, so that its image
appearing at d, with the eye at ¢,
. shall appear as much smaller in
proportion to the object, as d is less than a.

Now keeping the eye at the same distance from the mirror,
withdraw the object, so that it shall be equally distant with
the eye, and the image will gradually diminish, as the arrow
is removed.

Fig. 139. The reason of this will be made
plain by the next figure ; for as the
arrow is moved backwards, the an-
gle at o, fig. 139, must become
constantly less, because the rays

2 flowing from its extremities must
fall a greater distance before they
reach the surface of the mirror ;
and as the angles of the reflected
rays bear a proportion to those of

s

Suppose the angles ¢ and 3 fig, 137 are equal, will there be any differ-
ence between thesize of the object and its image? How is the image af-
fected, when the objectis withdrawn from the surface of a conveéx-mir-
ror? [Explain figures 138 and 139, and show the reason why the images
are diminished when the objects are removed from the convex mirror.
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the incident ones, so the angle of vision will become less in
proportion as the object is withdrawn.  The effect therefore
of withdrawing the object, is first to lessen the distance be-
tween the converging rays, flowing from it, at the point where
they strike the mirror, and as a consequence to diminish the
angle under which the reflected rays convey its image to the
eye.

In the plane mirror, as already shown, the image appears
exactly as far behind the mirror as the object is before it, but
the convex mirror shews the image just under the surface, or,
when the object is removed to a distance, a little way behind
it. 'To understand the reason of this difference, it must be
remembered that the plane mirror makes the image seem as
far behind, as the object is before it, because the rays are reflec-
ted in the same relative position that they fall upon its surface.
Thus parallel rays are refected parallel ; divergent rays equal-
ly divergent, and convergent rays equally convergent. But
the convex mirror, as also above shown, reflects convergent
rays less convergent, and diverging rays more divergent, and
it is from this property of the convex mirror that theimage ap-
g:ars near its surface, and not as far behind it as the object is

fore it, as in the plane mirror. .

Fig. 140. Let us suppose that a, fig. 140, isa
‘ &  luminous point, from which a pencil of
diverging rays fall upon a convex mir-
ror. These rays, as already demon-
strated, will be reflected more divergent,
and consequently will meet the eye ate,
in a wider state of dispersion than they
fell &gon the mirror at 0. Now as the
image will appear at the point where
n» the diverging rays would converge to a
focus in a contrary direction, were they prolonged behind the
mitror, so it cannot appear as far behind the reflecting sur-
face as the object is before it, for the more widely are the
rays meeting at the eye separated, the shorter will be the dis-
tance at which they will come to a point. The image will
therefore appear at n, instead of appearing at an equal dis-
tance behind the mirror that the object a is before it.

What is said to be the first effect of withdrawing the object from a-
concave surface,and what the consequenco on the angle of reflected

rays? Explain the reason why the image appears near the surface of _

the convex mirror,
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Concave Mirror. The shape of the concave mirror, is ex-
actly like that of the convex mirror, the only difference be-
tween them being in respect to their reflecting surfaces. The
reflection of the concave mirror takes place from its inside,
or concave surface, while that of the convex mirror is from
the outside or convex surface. Thus the section of a metallic
sphere, polished on both sides, is both a concave and convex
mirror, as one or the other side is employed for reflection.

The effect and phenomena of this mirror will therefore be,
in many respects, directly the contrary from those already de-
tailed in reference to the convex mirror.

From the plane mirror the relation of the incident rays are
not changed by reflection ; from the convez mirror they are dis-
persed ; but the concave mirror renders the rays reflected from
it more convergent, and tends to coficentrate them into a fo-
cus.

The surface of the concave mirror, like that of the convex,
may be considered as a great number of minute plane mirrors,
inclined to each other at certain angles, in proportion to its
concavity. ’

The laws of incidence and reflection, are the same when

applied to the contave mirror, as those already explainedin—— ---

reference to the other mirrors.

Fig. 141, In reference to the concave mirror, let
; us in the first place examine the effect of
o two plane mirrors inclined to each other,
as in fig. 141, on parallel rays of .light.
The incident rays, a and b, being parallel
before they reagly the reflectors, are thrown
off at unequal angles in respect to each
other, for b falls on the mirror more ob-
liquely than a, and consequently is thrown
off more obliquely in a contrary direction ;
) therefore, the angles of reflection being
equal to those of incidence, the two rays meet at c. Thus we
see that the efféct of two plane mirrors inclined to each oth-

er, is to make parallel rays converge and meet in a focus.

What is the shape of the concave mirror, and in what respect does it
differ from the convex mirror? How may convex and concave mirrors
be united in the same instrument? . What is the difference of effect be-
tween the concave, convex, and plane mirrors on the reflected rays? In
what respect may the concave mirror be considered as a naumber of
plane mirrors?
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The same result would take place, whether the mirror was
one continued circle, or an infinite number of small mirrors
inclined to each.other in the same relation as the different
parts of the circle. _ -

The effect of this mirror, as we have seen, being to render
parallel rays convergent, the same priaciple will render di-
verging rays parallel, and convergent rays still more conver-

ent. : :

The focus of a concave mirror is the point where the rays
are brought together by reflection. The centre of concavity
in a concave mirror, is the centre of the sphere, of which the
mirror is a part. In all concave mirrors, the focus of parallel
rays, or rays falling directly from the sun, is at the distance
of half the semi-diameter of the sphere, or globe, of which the

reflector is a part. -
Fig. 142. Thus the parallel rays 1,
m——... 2, 3,&c.fig. 142, all meet
T at the point o, which is

; half the distance between

Ay the centre of - the whole
N\ 2 gphere a, and the surface
3 of the reflector, and
" therefore one quarter the
a H diameter of the whole

Z / 7 sphere, of which the mir-
{—- ror is a part.

RN

I -

' [ _ In concave mirrors of

i all dimensions, the re-

-~ e flected rays follow the

same law ; that is, paral-

lel rays meet and cross each other at the distance of ome

fourth the diameter of the sphere of which they are sections.
-"This point is called the principal focus of the reflector.

But if the incident rays are divergent, the focus will be re-
moved to a greater distance from the surface of the mirror,
than when they are parallel, in proportion to their divergency.

This might be inferred from the general laws of incidence
and reflection, but.will be made obvious by fig. 143, where

What is the focus of a concave mirror? At what distance from its
surface is the fociis of parallel rays in this mirror? What is the prin-
cipal focus of & concave mirror?
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Fig. 143, the diverging rays 1, 2, 3, 4, for a focus
at the point o, whereas had they been
parallel, their focus would have been at
a. ‘That is, the actual focus is at the
centre of the sphere, instead of being
z half way between the centre and circum-
s ference, as is the case when the inci-
dent rays are parallel. The real focus
therefore is beyond, or without the prin-
cipal focus of the mirror.
By the same law, converging rays will
Fig. 144 form a point within the principal fo-
cus of the mirror,

Thus were the rays falling on the
mirror, fig. 144, parallel, the focus
would be at a; but in consequence of
their previous convergency, they are
brought together at a less distance
than the principal focus, and meet at o,

The images of objects reflected by
a convex mirror we have seen, are
-smaller than the objects themselves.
But the concave mirror, when the ob-

Fig. 145. ject is nearer to it than
the principal focus, pre-
sents the image larger
than the object, erect,
and behind the mirror.

To explain this, let us
suppose the object a, fig.
145, to be placed before
‘the mirror, and nearer
to it than the principal *
focus. Then the rays
proceeding from the ex-
tremities of the object,
without  interruption,
would coritinue to di-
verge in the lines o and

If the incident rays are divergent, where will be the focus? If the
incident rays are convergent, where will be the focus? When will the
image from a concave mirror be larger than the object, erect, and behind
the mirror. Explain fig. 145, and show why the .image is larger than
the object ? .

v
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n, as seen behind the mirror ; but by reflection they are made
to diverge less than before, and consequently to make the an-
gle under which they meet more obtuse at the eye b, than it
would be if they contined onward to e, where they would have
met without reflection. The result, therefore, is to render
the image A, upon the eye, as much larger than the object a,
as the angle at the eye is more obtuse than the angle ac e.

On the contrary, if the object is placed more remote from
the mirror than the principal focus, and between the focus and
the centre of the sphere of which the reflector is a part, then
the image will appear inverted on the contraryside of the cen-

Fig. 146. tre, and farther
from the mirror
than the object;
thus if a lamp be
placed obliquely
before a concave
mirror, as in fig.
146, its image

: will be seen in-
verted in the air on the contrary side of. a perpendicular line
to the surface of the mirror. .

From this property of the concave mirror to form an invert-
ed image of the object suspended in the ajr, many curious and
surprising deceptions may be produced. Thus, when the mir-
vor, the object, and the light, are placed so that they cannot
be seen, (which may be done by placing a screen before the
light, and permitting the reflected rays to pass through a small
aperture in another screep,) the person mistakes the image of
the object for its reality, and not understanding the deception,
thinks he sees persons walking with their heads downwards,
and cups of water turned bottom upwards without spilling a
drop. Again, he sees clusters of delicious fruit,. and when
invited to help himself, on reaching out his hand for that pur-
pose, he finds that it either suddenly vanishes from his sight,
owing to his having moved his eye out of the proper range,
or that it is intangible.

This kind of deception may be illustrated by any one who
has a concave mirror only of three or four inches in diameter,
- in the following manner.

‘When will the image from the concave mirror be inverted and before
the mirror? What property has the concave mirror by which singular
deceptions may be produced? What are these deceptions?

1
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. Suppose .the tumbler a, to be filled with water, and placed .
beyond the principal focus of the concave mirror, fig. 147, and
so managed as to be hid from the eye ¢, by the screen b. The
lamp by which the tumbler is illuminated must also be placed
behind the screen, and near the tumbler. To a person placed
at ¢, the tumbler with its contents will appear inverted at e,
and suspended in the air. By carefully moving forward, and
still keeping the &ye in the same line with respect to the mir-
ror, the person may pass hi;-ha;"g through the shadow of the
ig. 147,

tumbler ; but without such conviction, a person unacquainted
with such things, gould hardly be made to believe that the
image was got a reality. .

By placing another screen between the mirror and the im-
age, and permitting the converging rays to pass through an
aperture in it, the ‘mirror ‘'may be nearly screened from the
eye, and thus the deception would be increased.

The image reflected from a concave mirror, moves in the
same direction with the object, when the object is within the
principal focus; but when the object is more remote than the
principal focus, the image moves in a contrary direction
from the object, because the rays then cross each other. If
a man place himself directly before a large concave mirror,
-but farther from it than the centre of concavity, he will sce an
inverted image of himself in the air, between him and the
mirror, bat less than himself. And if he hold out his hand
towards the mirror, the hand of his image will come out to-

*ward his hand, and he may imagine that he may shake hands

Describe the manner in which a tumbler with its contents may be
made to seem inverted in the air. Why does the image move ina
contrary direction from its object, when the objectis beyond the princi-
pal focus ? 15
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with his image. But if he reach his hand further towards
the mirror, the hand of the image will pass by his hand and
come between his hand and his body ; and if he move his hand
toward either side, the hand of the image will move in a con-
trary direction, so that if the object moves one way the image
will move the other.

The concave mirror, having the property of converging the
rays of light, is equally efficient in concentrating the rays of
heat, either separately, or with the light. = When therefore
such a mirror is presented to the rays of the sun, it brings
them to a focus so as to produce degrees of heat in proportion
to the extent of its reflecting surface. A metallic mirror of
this kind, of only four or six inches in diameter, will fuse
metals, set wood on fire, &c.

As the parallel ufyl of heat, or light, are brought to a fo-
cus at the distance of one quarter of the diameter of a sphere,
of which the reflector is a section, so if a luminous or heated
body, be placed at this point, the rays will be reflected from
all parts of the reflecting surface, in parallel lines; and the
rays so reflected, by the same law, will be brought to a focus
by another mirror stmdingroppo:;m to this.

ig. 148,

Suppose a red hot ball to be placed in the principal focus
of the mirror a, fig. 148, the rays of heat and light proceed-
ing from it, will be reflected in the parallel lines 1, 2, 3, &c.
The reason of this is obviously the same as that which causes
parallel rays, when falling on the mirror to be converged toa

Will the concave mirror concentrate the rays of heat, as well as those
of light? Suppose a luminous body be placed in the focus of a concave
mirror, in what direction will its rays be reflected ? -
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focus. The angles of incidence being equal to those of re-
flection, it makes no difference in this respect, whether the
rays pass to, or from the focus. In one case, parallel incir
dent rays from the sun, are concentrated by reflection; and
in the other, incident diverging rays, from the heated ball, are
made parallel by reflection.

The rays therefore, flowing from the hot ball to the mirror
a, are thrown into parallel lines by reflection, and these re-
flected rays, in respect to the mirror b, become the rays of in-
cidence, which are again brought to a focus by reflection.

Thus the heat of the ball, by being placed in the focus of
one mirror, is brought to a focus by the reflection of the other
mirror. .

Seéveral striking experiments may be made with a pair of
concave mirrors placed facing each other as in the figure. If
a red hot ball be placed in the focus of a, and some gun pow-
der in the focus of b, the mirrors being ten or twenty feet
apart, according to their dimensions, the powder will flash by
the heat of the ball, concentrated by the second mirror. To
show that it is not the direct heat of the ball which sets fire
to the powder, a paper screen may be placed between the mir-
rors until every thing is ready. The operator will then only
have to remove the screen, in order to flash the powder.

To show that heat and light are separate principles, place
a piece of phosphorus in the focus of b, and when the ball is
80.cool as not to be luminous, remove the screen, and the
phosphorus will instantly inflame.

Refraction by Lenses.

A Lens is a transparent body, generally made of glass, and
so shaped that the rays of light in passing through it, are ei-
ther collected together, or dispersed.  Lens is a Latin word,
which comes from lentile, a small flat bean.

It has already been shewn, that when the rays of light pass
from a rarer to a denser medium, they are refracted, or bent
out of their former course, except when they happen to fall
pel’})endicularly on the surface of the medium.

he point where no refraction is produced on perpendicu-
lar rays, is called the azis of the lens, which is a right line
passing through its centre, and perpendicular to both its sur-
faces, o

Explain fig. 148, and show why the rays from the focus of @ are con-"
centrated in the focus of . What curious experiments may be made
by two concave mirrors placed opposite to each othor? How may it be

own that heat and light are distinct principles? What is a Lens?
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In every beam of light, the middle ray is called its azis.

Rays of light are said to fall directly upon a lens, when
their axes coincide with the axes of the lens ; otherwise they
are said to fall obliquely.

The point at which the rays of the sun are collected, by
passing through a lens, is called the principal focus of that
lens.

Lenses are of various kinds, and have received certain
names, depending on their shapes. The different kinds are

shown at fig. 149,
Fig. 149.

A prism, seen at a, has two plane surfaces, a r, and a s, in-
clined to each other.

A plane glass, shown at b, has two plane surfaces, parallel
to each other.

A spherical lens, c, is a ball of glass, and has every part of
its surface atan equal distance from the centre.

A double convez lens, d, is Hounded by two convez surfaces
opposite to each other. -

A plano-convez lens, e, is bounded by a convex surface on
one side, and a plane one on the other.

A double concave lens, f, is bounded by two concave spheri-
cal surfaces, opposite to each other.

A plano-concave lens, g, is bounded by a plane surface on
one side and a concave one on the other.

A meniscus, k, is bounded by one concave and one convex
spherical surface, which two surfaces meet at the edge of the
lens. .

A concavo-convez lens is bounded by a concave and convex
surface, but which diverge from €ach other, if continued.

What is the axis of a lens? In what part of a lens is no refraction
produced? Where is the axis of a beam of light? When are rays of
light said to fall directly upon a lens? How many kinds of lenses are
{)nenﬁm:fd ? What is the name of each? How are each of these lenses

ounded ? .



LENSES. 169

The effects of the prism on the rays of light will be shown

«

in another place. The.refraction of the plane glass, bends the *

parallel rays of light equally towards the perpendicular, as
already shown. The sphere is not often employed as.a lens,
since it is inconvenient in use. .

Conver lens.—It has been shown in a former part of this
article, that when a ray of light passes obliquely out of a
rarer into a denser medium, it is refracted, or turned out of
its former course. »

Suppose, then, there is presented to the rays of light, a piece
of glass, with its surface so shaped, that all the rays, except
those which pass through its axis, are refracted towards the
perpendicular, it is obvious that they would all finally meet
the perpendicular ray, and there form a focus.

The focal distances of convex lenses, depend on their de-
grees of convexity. The foca) distance of a single, or plano-
convex lens, is the diameter of a sphere, of which it is a sec-
tion. . :
Fig. 150. If the whole circle, fig.
150, be considered the
diameter of a sphere, of
which the plano-convex
lens, b a, is a section,
then the focus of parallel
rays, or the principal fo-
cus, will be at the oppo-
site side of the sphere, or
at c.

The focal distance of a
. double convex lens, is the
radius, or half the diameter of the sphere of which it is a part.
Hence the plano-convex lens, being one half the double con-
vex lens, the latter has about twice the refractive power of
the former ; for the rays suffer the same degree of refraction
in passing out of the one convex surface, that they do in pas-
sing into the other.

On what do the focal distances of convex lenses depend? What is
the focal distance of any plano-convex lens? What is the focal distance

:ef tl:e double convex lens? W hat is the shape of the double convex
s ?
15¢

[
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Fig. 151.

The shape of the dou-
ble convex lens, d ¢, fig.
151, is that of two plano-
convex lenses, placed with
their plane surfaces in
contact, and consequently
the focal distance of this
- lens is nearly the centre of
7 the sphere of which one of
its surfaces is a part.

If parallel rays fall .on a convex lens, it is evident that the
ray only, which penetrates the axis and passes towards the
centte of the sphere, will proceed without refraction, as shown
in the above figures. All the others will be refracted so as to
meet the perpendicular ray at @a greater or less distance, de-
pending on the convexity of the lens. .

If diverging rays fall on the surface of the same lens, they
will by refraction, be rendered less divergent, parallel, or con-
vergent according to the degrees of their divergency, and the
convexity of the surface of the lens.

Fig. 152. _ Thus the diverging

a rays 1, 2, &ec. fig.

152, are refracted by

thelens a o, in a de-

gree just sufficient to

render them parallel,

and therefore would

2 pass off in right

lines, indefinitely, or

without ever forming

o afocus. Itisobvious

by the same law, that were the rays less divergent, or were

the surface of the lens more convex, the rays in fig. 152 would

become convergent, instead of parallel, because the same re-

fractive power which would render divergent rays parallel,

would make parallel rays convergent, and converging rays
still more convergent.

How are divergent rays affected by passing through a convex lens ?

Xhaﬁ is its effect on parallel rays ?  What is its effect on converging
ys ?
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Fig. 153, Thus the pencils of converging rays,
fig. 153, are rendered still more conver-
gent by their passage through the lens,
and are therefore brought to a focus near-
er the lens, in proportion to their previous
convergency. '

The eye glasses of spectacles for old
people are double convex lenses, more-or
less spherical, according to the age of the
person, or the magnifying power required.

The common burning glasses, which are used for lighting
cigars, and sometimes for kindling fires, are also convex len-
ses. Their effect is to concentrate to a focus, or point, the
heat of the sun which falls on their whole surface ; and hence
the intensity of their effects is in proportion to the extent of
their surfaces, and their focal lengths.

One of the largest burning glasses ever constructed, was:
made by Mr. Parker, of London. It was three feet in diameter,
with a focal distance of three feet nine itches. But in order
to increase its power still more, he employed another lens
about a foot in diameter,-to bring its rays to a smaller focal
point. This apparatus gave a most intense degree of heat,
when the sun was clear, so that 20 grains of gold were melted
by it in 4 seconds, and ten grains of platina, the most infusi-
ble of all metals, in 3 seconds.

It has been explained, that the reason why the convex mir-
ror diminishes the images of objects is, that the rays which
come to the eye from the extreme parts of the object are
rendered less convergent by reflection, from the convex sur-
-face, and that, in consequence, the angle of vision is made
more acute. 3

Now the refractive power of the convex lens has exactly
the contrary effect, since by converging the rays flowing from
the extremities of an object, the visual angle is rendered more
obtuse, and therefore all objects seen through it appear mag-
nified. :

What kind of lenses are spectacle glasses for old people? What is
said to be the diameter of Mr. Parker’s great convex lens? W hat is
the focal distance of this lens? What is said of its heating power?
What is the visual angle ?
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Fig. 154, Suppose the object a, fig,
Py 154, appears to the naked eye
. of the length represented in
e thedrawing. Now as the rays
coming from eech end of the
¢ object, form, by thejr conver-

gence at the eye, the visual angle, or the angle under which
the object is seen, and we call objects large or small, in pro-
portion as this angle is obtuse or acute, if the object a be
withdrawn further from the eye, it is apparent that the rays
0, o, proceeding from its extremities, will enter the eye under
a more acute angle, and therefore, that the object will appear
diminished in proportion. This is the reason why things at a
distance appear smaller than when near us. When near, the
visual angle is increased, and when at a distance, it is di-
minished. .

Fig. 155, The effect of the convex lens is to in-

ease the visual angle, by bending the

&s of light coming from the object, soas

to make them meet at the eye, more ob-

tusely ; and hence it has the same effect,

a &> inrespect to the visual angle, as bringing

" the object nearer the eye. This is shown

by fig. 155, where it is obvious, that did

the rays flowing from the extremities of

the arrow meet the eye without refraction,

the visual angle would be less, and therefore the object would

appear shorter. Another effect of the convex lens is, to ena-

ble us to see objects nearer the eye, than without it, as will
be explained under the article vision. .

Now as the rays of light flow from all parts of a visible ob-

ject of whatever shape, so the breadth, as well as the length is

increased by the convex lens, and thus the whole object ap-
pears magnified.

Concave lens. The effect of the concave lens is directly
opposite to that of the convex. In other terms, by a concave
lens, parallel rays are rendered diverging, converging rhys
have their convergency diminished, and diverging rays have

Why does the same object, when at a distance, appear smaller than
when near? What is the effect of the convex lens on the visual angle ?
‘Why does an object appear larger through the convex lens than other<
wise? What is the effect of the concave lens? W hat effect does this

lens have upon parallel, diverging, and converging rays ?
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their divergency increased, according to the concavity of the
lens. -

These glasses, therefore, exhibit things smaller than they
really are, for by diminishing the convergence of the rays
eoming from the extreme points of an object, the visual angle'
is renderg@ more acute, and hence the object is diminished
by this lens, for the same reason that it is increased by the
convex lens. " This will be made plain by the two following

diagrams.

Fig. 156. Suppose the object a b, fig. 156,

a to be placed at such a distance
from the eye, as to give the rays

. flowing from it, the degrees of
G- convergence represented in the

figure, and suppose that the rays

enter the eye under such an an-

gle as to make the object appear

: two feet in lgngth.

Fig. 157. Now the same object, seen

through the concave lens, fig. 157,

will appear diminished, because

the rays comjng from it are bent

outwards, or made less convergent

A by refraction, as seenin thefigure,

% and consequegdly the visual angle

is more acutd®han when the same

object is seen by the naked eye. Its length, therefore, will

appear less, in proportion as the rays are rendered less conver-
gent. .

The spectacle glasses of short-sighted people are concave
lenses, by which the images of objects are formed further
back in the eye than otherwise, as will be explained under -
the next article. . '

Vision.—In the application of the principles of optics to
the explanation of natural phenomena, it is necessary to give
a description of the most perfect of all optical instruments,
the eye. v

Why do objects appear smaller through this glass than they do to
the nakedeye? Explain figures 157, and 158, and show the reason why
the same object appears smaller through glass. What defect in the
eye requires concave lenses? What is the most perfect of all optical
instruments?
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Fig. 158, ’ Fig. 158 is & vertical
section of the human eye.
Its form is nearly globu-
lar, with a slight projec-
tion or elongation if
front. It conggets of four
coats, or membragnes ;
namely, the sclerotic, the
cornea, the choroid, and
the retina. It has two
fluids confined within
) these membranes, called
the aqueous, and the vitreous humours, and one lens, called
the crystalline humour. The sclerotic coat is the outer and
strongest membrane, and its anterior part is well known as

‘the white of the eye. This coat is marked in the figure a, a,

a, a. It is joined to the cornea, b, b, which is the transparent
membrane in front of the eye, through which we see. The
choroid coat is a .thin, delicate membrane, which lines the
sclerotic coat on the inside. On the inside of this lies the
retina, d, d, d, d, which is the innermost coat of all, and is an
expansion, or continuation of the optic nerve 0. This expane
sion of the optic nerve is the immediate seat of vision. The
iris, o, 0, is seen through the cornea, and is a thin membrane,
or curtain of different colours in differént persons, and therefore
gives colour to the #yes. In black eyed personsit is black, in

lue eyed persons it is blue, &c. Through the iris, is a cir-
cular opening, called the pupil, which expands or enlarges
when the light is faint, and contracts when it is too strong.
The space between the iris and the cornea is called the ante-
rior chamber of the eye, and is filled with the agueous humor,

so called from its resemblance to water, Behind the pupil’

and iris is situated the crystalline lens e which is a firm and
perfectly transparent body, through which the rays of light
pass from the pupil to the retina. Behind the lens is situated
the posterior chamber of the eye, which is filled with the vitre-
ous humor, v, v. 'This humor occupies much the largest por-

What is the form of the human eye? How many coats, er mem-
branes has the eye? What are they called? How many fluide?hag the
eye, and what are they called? What is the lens of the eye: d?

hat coat forms the white of the eye? Describe where thegeveral
coats and humors are situated. , What is the iris? What istheretina?
Where is the sense of vision? -
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tion of the whole eye, and on it seems to depend the shape
and permanency of the organ.-

From the above description of the eye, it will be easy to
trace the progress of the rays of light through its several parts,
and to explain in what manner vigion is performed.

In doingthis, we must keep in mind that the rays of light
proceed from every part and point of a visible object, as here-
tofore stated, and that it is necessary only for a few of the
rays, when compared with the whole number, to enter the eye,
in order to make the object visible.

Fig. 159. Thus the object a b, fig.
159, being placed in the light,

* sends forth pencils of rays in

all possible directions, some

of which will strike the eye in

p> a0y position where it is visij-

ble. 'These pencils of rays,

not only flow from the points

designatgd in the figure, but

from all the other parts in the

same manner. To render an

object visible, therefore, it is

only neaestary that the eye
should Wlect&jd concentrate
a suffic number of these

rays on tHe retina t its
- image there, and frofff this
image, the sensation of vision is excited.
: Fig. 160. _

From the luminous body /, fig. 160, the pencils of rays flow
in all directions, but it is only by those which enter the pupil,
that we gsin any knowledge of its existence ; and even these

‘What is the design of fig. 159? What is said concerning the small
number of the rayugvl;hich enter the eye from a visible object? Explain
the-design of fig. 159,

.

*
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would convey o the mind no distinct idea of the object, un-
less they were refracted by the humors of the eye, for did
these rays proceed in their natural state of divergence to the
retina, the image there formed would be too extensive, and
consequently too feeble to give a distinct sensation of the
object. Y

It is . therefore by means of the aqueous humor, and the
crystalline lens, that the pencils of rays are so concentrated
as to form a perfect picture of the object on the retina.

We have already seen, that when the rays of light are made
to cross each other by reflection from the concave mirror, the
image of the object is inverted ; the same happens when the
rays are made to cross each other by refraction through a
convex lens. This, it is obvious, must be a necessary conse-
quence of the intersection of the rays: for as light proceeds
in straight lines, those rays which come from the lower part
of an object, on crossing those which come from its upper
part, will represent this part on the upper half of the retina,
and for the same reason the upper part of the object will be
painted on the lower part of the retina.

. Noewall objects are represented on the retina in an inverted

position ; that is, what we call the upper part of a vertical
object, is the lower end of its picture on the retina, and so
the contrary.

This is readily proved by taking the eye of an ox, and cut-
ting away the sclerotic coat, so as to make it transparent on
the back part, next the vitreous humor. If now a piece of
white paper be placed on this part of the eye, the images of
objects will appear figured on the paper in an inverted position.
The same effect will be produced on looking at things through
an eye thus prepared ; they will appear inverted.

Why wonld not the rays of light give a distinct idea of the object
without refraction by the huntors of the eye? Explain how it is that
the images of objects are inverted on the retina? What experiment
proves that the images of objects are inverted on the retina?
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The actual
- position of the
vertical ebjecta
figure 161, as
@ painted on the
retina, is there-
fore such as is
-V represented by
. .. ) thefigure. The
rays from its upper extremity, coming in divergent lines, are
- converged by the crystalline lens and fall on the retina ato;
while those from its lowerextremity, by the same law, fall on
the retina at c. ' ‘

In order that vision may be perfect, it is necessary that the
images of objects should be formed precisely on the retina, and
consequently if the refractive power of the eye be too small,
or too great, the image will not fall exactly on the seat of vis-
sion, but will be formed either before or behind it. In both
cases, perhaps an outline of the object may be visible, but it
will be confused and indistinct.

If the cornea is too convex, or prominent, the image wil be
formed before it reaches the retina, for the same reason, that
of two lenses, that which is most convex will have the least
focal distance. Such isthe defect in the eyes of persons who
are short sighted, and hence the necessity of their bringing
objects as near the eye as possible, so as to make the rays con-
verge ta the greatest distance behind the crystalline lens.

The effect of uncommon convexity in the cornea on the
rays of light, is shewn at fig. lgz, where it will be observed

Fig. 1

that the image, instead of being formed on the retina r, is sus-

Explain fig. 161. Suppose the refractive power of the eye is too great
or too little, why will vision be imperfect? If the corneais too convex,
where will the 1mage be formed ’

16

-
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pended in the vitreous humour, in consequence of there being
too great a refractive power in the eye. Itis hardly necessa-
ry to say, that in this case, vision must be very imperfectly
performed.

This defect of sight is remedied by spectacles, the glasses
of which are concave lenses. Such glasses, by rendering the
rays of light less convergent, before they reach the eye, coun-
teract the too great convergent power of the cornea and lens,
and thus throw the image on the tetina.

If on the contrary the humours of the ¢ye, in consequence
of age, or any other cause, have become less than ordinary,
the eye ball will not be sufficiently distended, and the cornea
will become too flat, or not sufficiently convex, to make the
rays of light meet at the ‘rwper place, and the image will
therefore tend to be formed beyond the retina, instead of be-
fore it, as in the other case. Hence aged people, who labor
under this defect of vision, cannot see distinctly at ordinary
distances, but are obliged to remove the object as far from the
eye as possible, so as to make its refractive power bring the
image within the seat of vision. .

. The defect arising from this cause is represented by figure
162, where it will be observed that the image is formed behind
: Fig. 163. .

the retina, showing that the convexity of the cornea is not
sufficient to bring the image within the seat of distinct vision.
This imperfection of sight is common to aged persons, and is
corrected, in a greater or less degree, by double convex lenses,
such as the common spectacle glasses. Such glasses, by caus-
ing the rays of light to converge before they meet the eye, as-

How is the sight improved when the cornea istoo convex? How do )

such lenses act to improve the sight? Where do the rays tend to meet
when the cornea is not sufficiently convex? How is vision assisted
when the eye wants convexity? How do convex lenses help the sight
-faged persons ? :

L omm e mme . e



VisioN. 179

sist the refractive power of the crystalline lens, and thus bring
the focus, or-jmage, within the sphere of the retina.

It has been congidered diffigplt to account for the reason
why we see objects erect, when they are painted on the retina
"inverjed, and many learned theories have been written to ex-
plain this fact. But it-is moat probable that this is owing to
habit, and that the image, at the bottom of the eye, has no re-
lation to the terms above and below, but to-the position of our
bodies, and other things which surround us. The term per-
pendicwlar, and the idea which it conveys to the mind, is
merely relative; but when applied to’an object supported by
the earth, and extending towards the skies, we oall the body
erect, because it coincides with the position of our own bodies,
and we see i erect for the same reason. Had we been taught
to read, by turning our books upside down, what we now call
the upper part of the book would have been its under part,
and thatreading wauld have been as easy in that position as
in any other, is plain, from. the fact that printers read their
type, when set up, as readily as they do 1its impressions on

aper. . .

Blngle of Vision. The angle under which the rays of light
coming from the.exiremittes of an object, cross each other at
the eye, bears a proportion, directly to the length, and in-
versely to the distance of the object.

Suppose the object a, b, fig. 164, to be four feet long, and
to be placed ten feet from the eye, then the rays flowing from

Fig. 164. 4

= 4 5
its extremities,mntersect each otlier at the eye, und?r a
given angle, which will always be the same when the object

Why do we see things erect, when‘the images are inverted on the re-
tina? What is the visual angle ?



180 . VISION.

is at the same distance. If the object be gradually moved to-
wards the eye, to the place ¢, d, then the angle will be gradu-
ally increased in quantity, and the object will appear larger,
since its image on the retina would be increased in length in
the proportion as the lines 3, 1, are wider apart than 0, 0. On
the contrary, were a, b, removed to a greater distance from
the first position, it is obvious that the angle would be dimin-
ished in proportion. : .

The lines thus proceeding from the extremities of an object,
and representing the rays of light, form an angle at the eye,
which is called the visual angle, or the angle under which
thiings are seen. The lines a, n, b, therefore, form one visual
angle, and the lines ¢, n, d, another visual angle.

e see from this investigation, that the apparent magui-
tude of objects, depending on the angles of vision, will vary
according to their distances from the eye, and that their mag-
nitudes diminish in a proportion inversely as their distances
increase. We learn also, from the same principles, that ob-
jects of different magnitudes may be so placed, with respect
to the eye, as to give the same visual angle, and thus to make
their apparent magnitudes equal. Thus the three arrows a,
e, and m, though differing so much in length, are seen under
the same visual angle.

In the apparent magnitude of objects seen through a lens,
or when their images reach the eye by reflection from a mir-
ror, our senses are chiefly, if not entirely guided by the angle
of vision. In forming our judgment of the sizes of distant ob-
jects, whose magnitudes were before unknown, we are also
guided more or less by the visual angle, though in this case
we do not depend entirely on the sense of vision. Thus if we
see two balloons floating in the air, one of which is larger
than the other, we judge of their comparative magnitudes by
the difference in their visual angles, and of their real magni-
tudes by the same angles, and the distance we suppose them
to be from us. ‘

But when the object is' near us, and seen with the naked
eye, we then judge of its magnitude by our experience, and not

How may the visual angle of the same object be increased or dimin-
ished? When do objects of different magnitudes form the same visual
angle? Explain fig. 164. Under what circumstances is our sense of
vision guided entirely by the visual angle? How do we judge of the
magnitudes of distant objects? How do we judge of the comparative
size of objects near us ?
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entirely by the visual angle. Thus the three arrows, a, ¢, m, fig.
164, all of them make the same angle on the eye, and yet we
know by further examination, that they are all of different
lebgths. And so the two arrows e b, and ¢ d, though seen under
different visual angles, will appear of the same size, because
experience has taught us that this difference depends only
on the comparative distance of the two objects.

As the visual angle diminishes inversely in proportion as
the distance of the object increases, so when the distance is
80 great as to make the angle too minute to be perceptible to
the eye, then the object becomes invisible. Thus, when we
watch an eagle, flying from us, the angle of vision is gradually
diminished, until the rays proceeding from the bird, form an
image on the retina too small to excite sensation, and then we
say, the eagle has flown out of sight. 4 '

The same principle holds with respect to objects which are
near the eye, but are too small to form an image on the retina,
which is perceptible to the senses. Such objects to the naked
eye, are of-course invisible, but when the visual angle is en-
larged, by means of a convex lens, they become visible ; that
18, their images on the retina excite sensation.

‘The actual size of an image on the retina, capable of exci-

ting sensation, and consequently of producing vision, may be
too small for us to appreciate by any of our other senses ;. for
when we consider how much smaller the image must be than
the object, and that a human hair can be distinguished by the
naked eye at the distance of twenty or thirty feet, we must
suppose that the retina is endowed with the most delicate sen-
sibility, to be excited by a cause so minute. It has been es-
timated that the image of a man, on the retina, seen at the
distance of a mile, is not more than the five thousandth part of
an inch i length. '
. On the contrary, if the object be brought too near the eye,
its image becomes cenfused and indistinct, because the rays
flowing from it, fal on the crystalline lens in a state too di-
vergent to be refracted to a focus on the retina.

‘When does a retreating object become invisible to the eye? How
does a convex lens act to make us seé objects which are invisible with-
outit? What is said of the actual size of an image on the retina ?
Why are objects indistinct, when brought too near the eye ?

16*
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Fig. 165. This will be apparent by
fig. 165, where we suppose
that the object a, is brought
within an inch or two of the

\ eye, and that the rays pro-
ceeding from it enter the
/ eye so obliquely asnot to be
refracted by the lens, so as

to form a distinct image.
‘Counld we see objects dis~
tinctly at the shortest distance,

we should be able to examine things that are now invisible,
since the visual angle would then be increased, and conse-
quently the image on the retina enlarged, in proportion as ob-
jects were brought near the eye. Thisis proved by intercepting
the most divergent rays; in which case an object may be
brought near the eye, and then appears greatly magnified.
Make a small orifice, as a pin hole, through a piece of dark
colored paper, and then look through the orifice at small ob-
jects, such as the letters of*a printed book.” The letters will
appear much magnified. The rays, in this case, are refracted
to a focus, on the retina, because the small otifice prevents
those which are most divergent from entering the eye, so that
notwithstanding the nearness of the object, the rays which
ferm the image are nearly parallel.

Optical instruments. 'The principle of the single micro-
scope, or convex lens, will be readily understood, if the pupil
wil‘l, temember what has been said on the refraction of lenses,
in connexion with the facts just stated. For the reason why
objects appear magnified through a convex lens, is not only
- because the visual amgle is increased, but because when
brought near the eye, the diverging rays from the object are
rendered parallel by the lens, and are thus thrown into a con-
dition to be brought to a focus in the.proper place by the
humors. .

Suppose objects could be seen distinetly within an inch or two of the
eye, how would their dimensions be affected? How is it proved that
objects ploced near the eye are magnified? How does a small orifice
enable us to see an object distinctly near the eye? Why does a convex
lens make an objeet distincy when near the eye?
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Fig. 166. Let a, fig. 166,
. ~ be the distance at
which an object
can be seen dis-
tinctly, and p, the
distance at which
the same object is
; seen through the
lens,’ and suppose the distance of a from the eye, be twice
‘that of b, Then because the object is at half the distance
that it was before, it will appear twice as large ; and had.it
been seen one lhll’d one fourth, or one tenth its former dis-
tance, it would have been mngmﬁed three, four, or ten times,
and ‘consequently its surface would be increased 9, 16, or
100 times. -

The most powerful single microscopes are made of minute
globules of glass, which are formed by melting the ends of a
few threads of spun glass in a candle. Small globules of
water placed in an orifice through a piece of tin, or other thin
substance, will also make very powerful microscopes. In these
minute lenses the focal distance is only a tenth, or twelfth
part of an inclr from the lens, and therefore the eye, as well
as the object to be magmﬁed must be brought very near the
"instrument.

The Compound Microscope consists of two convex lenses,
by one of which the image is formed within the tube of the
instrument, and by the other, this image is magnified, as seen
by the eye; so that by this instrument the object itself is not
seen, as with the single microscope, but only its magnified
image. .

The small lens, placed near the object, and by which its
image .is formed within the tube, is called the object glass,
while the larger one, through which the image is seen, is
called the eye glass.

This arrangement is represented at fig.‘187. The object
a, is placed a little beyond the focus of the object glass, b, by -
which an inverted and enlarged image of it is formed within
the instrument at ¢. 'This image is seen through the eye

Explain fig. 166. How are the most powerful single mncroscopes
made? How many lenses form the compound microscope? Which is
the object and which the eye glass ? Is the object seen, with this in-
strument, or only its image ?
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Fig. 167.
a4

glass d, by which it is again magnified, and is at last figured
on the retina in its original position. )

These glasses are set in a case of brass, the object glass
being made to take out, so that others of different magnifying
powers may be used, as occasion requires. :

The Solar Microscope consists of two lenses, one of which is
called the condenser, because it is employed to concentrate the
rays of the sun, in order to illuminate the object, to be magni-
fied, more strongly. The other is a double convex lens, of cen-
siderable magnifying power, by which the image is formed.
In addition to these lenses, there is a plane mirror, or piece of -
common looking-glass, which can be moved in any direction,
and which reflects the rays Fgf thg sun on the condenser.

’ ig. 168.

The object, a,"igs 168, being placed nearly in the focus of
the condenser b, is strongly illuminated, in consequence of the
fays of the sun being thrown on b, by the mirror c. - The ob-
ject is not placed exactly in the focus of the condenser, be-
cause, in most cases it would be soon destroyed by its heat;

Ezxplain fig. 167, and show where the image is formed in the tube.
How many lenses has the solar microscope? Why is one of the lenses
of the solaz microscope called the condenser? Describe the uses of the
two lenses and the reflector.
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" but is exactly in the focus of the small lens, d, by which no
such accident can happen. The lines o, o, represent the in-
cident rays of the sun, which are reflected on the condenser.

When the solar microscope is used, the room is darkened,
the only light admitted being that which is thrown on the ob-
ject by the condenser, and which, passirig through the small
lens, gives the magnified shadow e, of the small object a, placed
in its focus, on the wall of the room, or on ascreen. The tube
containing the two lenses, is passed through the window of
the room, the reflector remaining outside. ‘ .

In the ordinary use of this instrument, the object itself is
not seen, but only its shadow, on the screen, and it is not de-.
'signed for the examination of opaque objects.

When the small lens of the solar miscroscope is of great
magnifying power, it presents some of the most striking and
curious of optical phenomena. The shadows of mites from
cheese, or figs, appear nearly two feet in length, presenting an
appearance exceedingly formidable and disgusting; and the
insects from common vinegar appear eight or ten feet long,
and in perpetual motion, resembling so many huge serpents.’

Telescope. The telescope is an optical instrument, employed
to view distant bodies, and in effect, to bring them nearer the
eye, by increasing the apparent angles under which such ob-
Jects are seen. ' .

These instruments are-of two kinds, namely, refracting,
and reflecting telescopes. In the first kind, the image of the
object’is seen with the eye directed towards it ; in the second
kind, the image is seen iy reflection from a mirror, while the
back is towards the object, or by a double reflection, with the
face towards the object. .

The telescope is the most important of all optical instru-
ments, since it unfolds the wonders of other worlds, and gives

" us the means of calculating the distances of the heavenly bo-
dies, and of explaining their phenomena for agtronomical and

nautical purposes. L

The principle of the telescope will be readily comprehended
after what has been said concerning the compound micro-
scope, for the two instruments differ chiefly in respect to the
place of the object lens, that of the microscope having a short,
while that of the telescope has a long focal distance.

Is the object, or only its shadow, seen by this instrument? Whatis
. atelescope> How many kinds of telescopes are mentioned? What is
the difference between them ? In what respect does the refracting tel-
escope differ from the compound microscope ?
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Refracting Telescope. The most simple refracting teles-
cope consists of a tube, containing two eonvex lenses, the one
having a long, and the other a short focal distance. (The fo-
cal distance of a convex lens, it will be remembered, is nearly
the centre of a sphere, of which it is a part.) These two
lenses are placed in the tube, at a distance from each other
equal to the sum of their two focal distances.

Fig. 169.

@

Thus, if the focus of the object glass a, fig. 169, be eight
inches, and that of the eye glass, b, two inches, then the dis-
tance of the sums of the two foci will be ten inches,and there-
fore the two lenses must be placed ten inches apart ; and the
same rule is observed, whatever may be the focal lengths of
any two lenses. .

Now to understand the effect of this arrangement, suppose
the rays of light, ¢, d, coming from a distant object, as a star,
to fall on.the object glass a, in parallel lines, and to be refract-
ed by the lens toa focus, at ¢, where the image of the star will
be represented. This image is then magnified by the eye
glass d, and thus in effect, is brought near the eye.

All that is effected by the telescope, therefore, is to form an
image of a distant object, by means of the object lens, and
then to assist the eye in viewing this as nearly as possible, by
the eye lens,

It is, however, necessary here to state, that by the last fig-
ure, the principle only, of the telescope is intended to be ex-
plained, for in the common instrument, withwonly two glasses,
the image appewss to the eye inverted.

The reason of this will be seen by the next figure, where
the direction of the rays of light will show the position of the
image. :

How is the most simple refracting telescope formed ? Which is "the
object, and which the eye lens, in fig. 169? What is the rule by which
the distance of the two glasses apart is found? How do the two glass-
es act, to bring an object nedr the eye ?
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Fig. 170.

Suppose a, fig. 170, to be a distant object, from which pen-
cils of rays flow from every point towards the object lens b.
The image of a, in consequence of the refraction of the rays
by the object lens, is inverted at ¢, which is in the focus of the
eye glass d, and through which the image is then seen, still
inverted. o .

The inversion of the object is of little consequence when
the instrument is employed for astronomical purposes, for

‘since the forms of the heavenly bodies are spherical, their po-

sitions, in this respect, do not affect their general appearance.
But for terrestrial purposes, this is manifestly a great defect,
and therefore those constructed for such purposes, as ship, or
spy glasses, have two additional lenses, by means of which,
the images are made to appear in the same position as the

objects.
Fig. 171.

Such a telescope is represented at fig. 171, and consists
of an object glass a, and three eye glasses, b, ¢, and d. The
eye glasses are placed at equal distances from each other, so
that the focus of one may meet that of the other, and thus the
image formed by the object lens, will be transmitted through
the other three lenses, tothe eye. Therays coming from the
object o, cross each other at the focus of the object lens, and
thus form an inverted image atf. This image being also in

Explain fig. 170, and show how the object comes to be inverted by
the two lenses? How is the inversion of the objecy corrected? Ex-
plain fig. 171, and show why the two additiodal lenses make the image
of the object erect ?
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the focus of the first eye glass, b, the rays having passed
through the glass become parallel, for, as we have seen, in
another place, diverging rays are rendered parallel by refrac-
tion through aconvex lens. The rays, therefore, pass paral-
lel to the next lens, ¢, by which they are .made to converge,
and cross each other, and thus the image is inverted, and made
to assume the original position of the object 0. Lastly, this
image, being in the focus of the eye glass d, is seen in the
natural position, or in that of the object.

The apparent magnitude of the object is not changed by
these two additional glasses, but depends, as in fig. 170, on
the magnifying power of the eye and object lenses ; the two
glasses being added merely for the purpose of making the
1mage appear erect. :

It is found that an eye glass of veay high magnifying power
cannot be employed in the refracting telescope, because it
disperses the rays of light, so that the image becomes indis-
tinct. Many experiments were formerly made with a view to
obviate this difficulty, and among these it was found that in-
creasing the focal distance of the object lens, was the most ef-
ficacious. But this was attended with great inconvenience,
and expense, on account of the length of tube which this mode
required. These experiments were, however, discontinued,
and the refracting telescope itself, chiefly laid aside for astro-
nomical purposes, in consequence of the discovery of the re-
flecting telescope.

Reflecting Telescope. The common reflecting telescope con-
sists of a large tube, containing two concave reflecting mirrors,
of different sizes, and two eye glasses. The object is first re-
flected from the large mirror to the small one, and from the
small one, through the two eye glasses, where it is then seen.

In comparing the advantages of the two instruments, it
need only be stated, that the refracting telescope, with a focal
length of a thousand feet, if it could be used, would not mag-
nify distinctly more than a thousand times, while a Yeflecting
telescope, only eight or nine feet long, will magnify with dis-

tinctness twelve hundred times.

Does the addition of these two lenses make-any difference with the
apparent magnitude of the object? Why cannot a highly magnifying
eye glassbe used in the telescope? What is the most efficatious means
of increasing the power of the refracting telescope ? How muny lenses
and mirrors form the reflecting telescepe > Whot are the advantages of ~
the reflecting over the refracting telescope ? B fte

~
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Fig. 172.

. r

The principle, and construction of the reflecting telescope
will be'understood by fig. 172. Suppose the object o, to be at
such a distance, that the rays of light from it pass in parallel
lines, p, p, to the great reflector, r, r. This reflector being
concave, the rays are converged by reflection, and cross each
other at @, by which the image is inverted. The rays then
pass to the small mirror, b, which being also concave, they are
thrown back in nearly parallel lines, and having passed the
aperture in the centre of the great mirror, fall on the plano-con-
vex lens e. By this lens they are refracted to a focus, and
cross each other betwéen e, and d, and thus the image is again
inverted, and brought to its original pesition, or in the position
of the object. The rays then, pgssing the second eye glass,
form the image of the object on the retina.

The large mirror in this instrument is fixed, but the small
one moves backwards and forwards, by means of a screw, so-
as to adjust the image to the eyes of different persons.
Both mirrors are made of a composition, consisting of several
metals melted together.

One great advantage which the reflecting telescope possess-
es over the refracting, appears to be, that it admits of an eye
glass of shorter focal distance, and consequently, of greater.
magnifying power. The convex object glass of the refracting

instrament, does not form a perfect image of the object, since

some of the rays are dispersed, and others coloured by refrac-
tion. This difficulty does not occur in the reflected image
from the metallic mirror of the reflecting telescope, and conse-
quently it may be distinctly seen, when more highly magnified.

The instrument just described is called * Gregory'’s teles-

Explain fig. 172, and show the course of the rays from the object to
the eye. Why is the small mirror in this instrument made to move by
means of a screw? What is the advantage of the reflecting tel,
in respect to the eye glass? Why is the telescope with two reflectors
called: Gregory’s te{mope ? :

oo 17
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cope,”’ because some parts of the arrangement were invented
by Dr. Grggory. '

In the telescapes made by Dr. Herschel, the object is reflect-
-ed by a mirror, as in that of Dr. Gregory. But the second,
or small reflector, is not employed, the image being seen
through a convey lens, placed so as to magnify the image of
the large mirror, 50 that the observer stands with his back to-
wards the object.

The magnifying power of this instrument is the same as
that of Dr. Gregory’s, but the image appears brighter, because
there is no second reflection ; for every reflection renders the
image fainter, since no mirror is so perfect as to throw back
all the rays which fall upon its surface.

In Dr. Herschel’s grand telescope, the largest ever con-
structed, the reflector was 48 inches in diameter, and had a
focal distance of 40 feet. This reflector was three and a half
inches thick, and weighed 2000 pounds. Now since the fo-
cusof a concave mirror is at the distance of one half the semi-
diameter of the sphere, of which it is a section, Dr. Herschel's
reflector formed a part of a sphere of 160 feet in diameter.
This great instrument was begun in 1785, and finished four
years afterwards. The frame by which this wonder to all as-
tronomers was supported, having decayed, it was taken down
in 1822, and another of 20 feet focus, with a reflector of 18
inches in diameter, erected in its place, by Herschel’s son.

The largest Herschel’s telescope now in existence is that
of Greenwich observatory, in England. This has a concave
reflector of 15 inches in diameter, with a focal length of 25
feet, and was erected in 1820, :

Camera Qbscura. Camera obscura strictly signifies a dar-
kened chamber, because the room must be darkened, in order
to produce its effects. : ’

To witness the phenomena of this instrument, let a room be
closed in every direction, so as to exclude the light. Then
from an aperture, say of an inch in diameter, admit a single
beam of light, and the images of external things, such as trees,
and houses, and Yersons walking the streets, will be seen in-
verted on the wall opposite to where the light is admitted, or
on a screen of white paper, placed before the aperture.

How does this instrument differ from Dr. Herschel’s telescope?

t was the focal distance and diameter of the mirror in Dr. Herschel’s

telescope? Where is the largest Herschel’s telescope now in ex-

istence? What is the diameter and focal distance of the reflector of
this telescopo? Describe the phenomena of the camera obscura.
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The reason why the image is inverted, will be obvious,
when we consider that the rays proceeding from the extremi-
ties of the object must converge in order to pass through the
small aperture; and as the rays of light always proceed in
straight lines, they must cross each other at the point of

admission.
£>
' I
¢, for the same
=5 reason will be
represented at d. Ifa convex lens, witha short tube be pla-
ced in the aperture through which the light passes into the
room, the images of things will be much more perfect, and
their colours more brilliant.
Fig. 174. " 'This instrument is sometimes
employed by painters, in order

Fig, 173. Thus the pen-
a cil a, fig. 173,

coming from the
upper partofthe
tower, and pro-
ceeding straight
will  represent
., theimageofthat
b part at b, while
g i] the lower part

the landscape, an outline of the
image being easily taken, witha
pencil, whenthe image isthrown
on a sheet of paper.

There are several modifica-
tions of this machine, and among
them the revolving camera ob-
scura i# the most interesting.

It consists of a small house,
fig. 174, with a plane refleetor,
a b, and a convex lens, ¢ b, pl?.-
ced at its top. Phe reflector is
fixed at an angle of 45 degrees,
with the horizon, so as to reflect

Why 'is the image formed by the camera obscura inverted? How
may an outline of the image formed by the camera obscura be taken?
Describe tho revolving camora obgcura.

to obtain an exact delineation of
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the rays of light perpendicularly downwards, and is made to
revolve quite around, in either direction, by pulling a string.

Now suppose the small house to be placed in the open air,
with the mirror a b, turned towards the east, then the rays of
light flowing from the objects  in that direction, will strike the
mirror in the direction of the lines o, and be reflected down
through the eonvex lens ¢ b, to the -table e ¢, where they .will
form in miniature a most perfect and beautiful picture of the
landscape in that direction. Then by making the reflector
revolve, another portion of the landscape may be seen, and
thus the objects in all directions can be viewed at ¢ without
changing the place of the instrument.

The Magic Lantern. The Magic Lantern is a microscope,
on the same principle as the solar microscope. But instead
of being used to'magnify natural objects, it is commonly em-
ployed for amusement, by casting the shadows of small trans-
parent paintings done on glass, upon a screen placed at a pro-

per distance.
. Fig. 175.

Leta candle, ¢, fig. 175, be placed on the inside of a box, or
tube, so that its light may,pass through the plano-convex lens n,
and strongly illuminate the object 0. Thisobject is generallya
small transparent painting on a slip of glass, which slides
through an opening in the tube. In order+to show the figures
in the erect pgsition, these paintings are inverted, since their
shadows are’inverted by the refraction of the convex lens.

In some of these instruments, there is a concave mirror, d,
by which the object, o, is more strongly illuminated than it
would be, by the lamp alone. The object is magnified by_the

What is the magic lantern? For what purpose is this instrument
employed? Describe the construction and effect of the magic lantern.

4
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double convex lens, m, which is moveable in the tube by a
screw, so that its focus can be adjusted to the required dis-
tance. Lastly, there is a screen of white cloth, placed at the
proper distance, on which the image, or shadow of the picture,
18 seen greatly magnified.

The pictures, being of various colours, and so transparent,
that the light of the lamp shines through them, the shadows
are also of various colors, and thus soldiers and horsemen are
- represented in their proper costumes.

Chromatics, or the philosophy of Colors.

We have thus far considered light as a simple substance,
and have supposed that all its parts were equally refracted, in
its passage through the several lenses described. But it will
now be shown that light is a compound substance, and that each
of its rays, which to us appear white, is composed of several
colors, and that each color suffers a different degree of refrac-
tion, when the rays of light pass through a piece of glass, of a
certain shape.

The discovery, that light is a compound subatance, and
that it may be decomposed, or separated into parts, was made
by Sir Isaac Newton.

If a ray, proceeding from the sun, be admitted into a dar-
kened chamber, through an aperture in the window shutter,
and allowed to pass through a triangular shaped piece of glass,
called a prism, the light will be decomposed, and instead of a
spot of white light, there will be seen on the opposite wall, a
most brilliant display of colours, including all those which are
seen in the rainbow.

Fig. 176.
n
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“®Who made the discovery that light is a compound substance? In
schat manner and by what means, is light decomposed ?
. l .
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Suppose s, fig. 176, to be a ray from the sun, admitted
through the window shutter a, in such a direction as to fall
on the floor at ¢, where it would form a round, white spot.
Now on interposing the prism p, it will be refracted, and at
the same time decomposed, and will form on the screen m n,
an oblong figure, containing seven colours, which will be situ-
ated in respect to each other, as seen in the figure.

It may be observed that of all the colours, the red is least
refracted, or is thrown the smallest distance from the direc-
tion of the original sun beam, and that the violet is most re-
fracted, or bent out of that direction. :

The oblong image containing the coloured rays, is called
the solar, or prismatic spectrum.

That the rays of the sun are composed of the seven colours
above named, is sufficiently evident by the fact that such a
ray is divided into these several colours by passing through
the prism, but in addition to this proof, it is found by experi-
ment, that if these several colours be blended or mixed togeth-
er, white will be the result.

This may be done by mixing together seven powders, whose
colors represent the prismatic colors, and whose quantities are
to each other, as the spaces occupied by each colour in the
spectrum.  When this is done, it will be found that the re-
sulting color is a greyish white. A still more satisfactory
proof that these seven colors form white, when united, is ob-
tained by causing the solar spectrum’to pass through a lens,
by which they are brought to a focus, when it is found that
the focus will be of the same color as it would be from the
original rays of the sun.

From the oblong shape of the solar spectrum, we learn that
each-of the colored rays is refracted ina different degree by
passing through the same medium, and consequently that each
ray has a refractive power of its own. Thus from the red to
thclal violet, each ray in succession, is refracted more than the
other. ‘

‘T'he prism is not the only instrament by which light can be

What are the prismatic colors, and how do they succeed each other
in the spectrum? Which colour is refracted most, and which least?
When the several prismatic colours are blended, what colour is the re-
sult? When the solar spectrum is made to pass through a lens, what
is the color of the focus ? How do we learn that each coloured ray has
a refractive power of its own? By what other means beside the prism,
can the rays of light be decomposed ? .
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decomposed. A soap bubble blown up in the sun will display
most of the prisnmtic colors. This is accounted for by sup-
posing that the sides of the bubble vary in thickness, and
that the rays of light are decomposed by these variations,
The unequal surface of mother of pearl, and-many other shells,
send forth colored rays on the same principle.

Two surfaces of polished glass, when pressed together, will
also decompose the light. Rings of coloured light will be ob-
served round the point of contact between the two surfaces,
and their number may be increased or diminished by the
pressure. - T'wo pieces of common looking glass, pressed to-
ge{her with the fingers, will display most of the prismatic
colors,

A variety of substances, when thrown into the form of the
triangular prism, will decompose the rays of light, as well as
that of glass. A very common instrument for this purpobe is
made by putting together three pieces of plate glass, in form
of a prism. The ends may be made of wood, and the edges
cemented with putty, so as to make the whole water tight.
When this is filled with water and held before a sun beam,
the solar spectrum will be formed, displaying the same colors,
and in the same order as that above described.

In making experiments with prisms filled with different
kinds of liquids, it has been found that one liquid will make
the-spectrum longer than another ; that is, the red and violet
rays, which form the extremes of the spectrum, will be thrown
farther apart by one fluid than by another. For example, if
the prism be filled with oil of cassia, the spectrum formed by
it will be more than twice as long as that formed by a prism
of solid glass. 'The oil of cassia is therefore said to disperse
the rays of light more than glass, and hence to have a greater
dispersive power.

The Rainbow. The rainbow wasa phenomenon, for which
the ancients were entirely unable to account; but after the
discovery that light is a compound principle, and that its col-
ors may be separated by various substances, the solution of
this phenomenon became easy. .

Sir Isaac Newton, after his great discovery of the compound

How may light be decomposed by two pieces of glass? Of what
substances may prisms be formed, besides glass? What issaid of some
liquids making the spectrum larger than others? What is said of oil
of cassia, in this respect? What discovery preceded the explanation of
the rainbow ?
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natare of light, and the different refrangibility of the colored
rays, was able to explain the rainbow on optical principles.

If a glass globe be suspended in a room, where the rays of
the sun can fall upon it, the light will be decomposed, or sepa-
rated into its several coloured rays, in the same manner as is
done by the prism. A well defined spectrum will not, how-
ever, be formed by the globe, because its shape is such as to
disperse some of the rays, and converge others; but the eye,
by taking different positions in respect to the globe, will ob-
serve the various prismatic colours. Transparent bodies,
such as glass and water, reflect the rays of light from both their
surfaces, but chiefly from the second surface. That is, if a
plate of glass be placed so as to reflect the image of the sun,
or of alamp to the eye, the most distinct image will come
from the second surface, or that most distant from the eye.
It will be understood directly, how this principle applies to
the explanation of the rainbow.

Fig. 177. Suppose the
circle a b ¢, fig.
177, to represent
a globe, or a drop
of rain, for each
dropof rain, as it

b falls through the
air, is a small
globe of water.

Suppose, also,

that the sun is at

s, and the eye of

the spectator ate.
Now it has already been stated, that from a single globe, the
whole solar spectrum is not seen in the same position, but
that the different colors are seen from different places. Sup-
pose then, that the ray of light from the sun, s, on entering
the globe at a, is separated into its primary colors, and at the
same time the red ray, which is the least refrangible, is refrac-
ted in the line from @ to 5. From the second, or inner sur-
face of the globe, it would be reflected to c, the angle of re-

Who first explained the rainbow on optical principles? Why does
not a glass globe form a well defined spectrum? From which surface
do transparent bodies chiefly reflect the light? Explain fig, 177, and
.ﬂl::w th;o different refractions, and the nﬂgwtion concerned in forming

rainbow.
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flection being equal to that of incidence. On passing eut.ef
the globe, its refraction at ¢, would be just equal to the refrac-
tion of the incident ray at a, and therefore the red ray would
fall on-the eye at e. All the other colored rays would follow
the same law, but because the angles of incidence and those
of reflection are equal, and because the colored rays are sepa-
rated from each other, by unequal refraction, it is obvious that
if the red ray entered the eye at ¢, none of the other colored
rays could be seen from the same point. :

From this, it is evident, that if the eye of the spectator is
moved to another position, he will not see the red ray coming
from the same drop of rain, but only the blue, and if to ano-
ther position, the green, and so of all the others. Butin a
shower of rain, there are drops at all heights, and distances,
and though they perpetually change theis places, in respect to
the sun and the eye, as they fall, still there will be many
which will be in such a position as to reflect the red rays to
the eye, and as many more to reflect the yellow rays, and so
of all the other colors. :

- Fig. 178. This will be made .

obvious by fig. 178,
where, to avoid con-
fusion, we will sup-
pose that only three
drops of rain, and
consequently, only
three colors are to
be seen.

The numbers 1,

the sun, proceeding
to the drops a, b,
¢, and from which
these rays are re-
flected to the eye,
making  different
. angles with the
horizontal line A&,

In the case supposed, why will only the red ray meet the eye? Sup- -

pose a person looking at a rainbow, moves his eye, will he see the same
colors from the same drop of rain? Explain fig. 178, and show why
we see different colors from different drops of rain.

2, 8, are theraysof
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because one colored ray is refracted more than another. Now
suppose the red ray only reaches the eye from the drop a, the
green from the dror b, and the violet from the drop c, then
the spectator would see a minute rainbow of three colors.
But during a shower of rain, all the drops which are in the
position of a, in respect to the eye, would send forth red rays,
and no other, while those in the position of b, would emit
green rays, and no other, aud those in the position of ¢, violet
rays, and so of all the qther prismatic colors. Each circle of
colors, of which the rainbow is formed, is therefore composed
of reflections from .a vast number of different drops of rain,
and the reason why these eolors are' distinct to our senses, is,
that we see only one color from a single drop, with the eye in
the same position. It follows, then, that if we change our
position, while looking at a rainbow, we still see a bow, bat
not the same as' before, and hence, if there are many specta-
tors, they will all eee a different rainbow, though it appears
to be the same. -

There are often seen two rainbows, the one formed as
above described, and the other, which is fainter, appearing
on the outside, or above this, The secondary bow, as this
last is called, always has its order of colors the reverse of the
primaryone. Thus the colots of the primary bow, beginning
with its upper, or outermost portion are red, orange, yellow,
&c, the lowest, or innermost portion being violet, while the
secondary bow, beginning with the same corresponding part,
is colored violet, indigo, &c. the lowest, or innermost circle
being red.

In the primary bow, we have seen, that the colored rays
arrive at the eye after two refractions, and one reflection.
In the secondary bow, the rays reach the eye after two re-
fractions, and two reflections, and the order of the colors is _
reversed, because, in this case, the rays of light enter the
lower part of the drop, instead of the upper part, as in the
primary bow. The reason why the colours are fainter in the
secondary than in the primary bow is, because a part of the
light is lost, or dispersed, at each reflection, and there being
two reflections, by which this bow is formed, instead of one,
as in the primary, the difference in brilliancy is very obvious.

Do several persons see the same rainbow at the same time? Explain
the reason of this. How are the colors of the primary and secondary
bows arranged in respect to each other? How many refractions and re-
flections produce the secondary bow ? Why is the secondary bow less

illiant than the primary ?
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The direction of a single ray, showing how the secondary
bow is formed, will be seen at fig. 179.
Fig. 179. -

Theray.r,
from the sun,
enters  the
drop of wa-
ter, ata, and -
is refracted
to b, then
reflectedto c,
then again
reflected to
d, where it
suffers an-
other refrac-
tion, and lastly, passes to the eye of the spectator at e.

The rainbow, being the ¢onsequence of the refracted and
reflected rays of the sun, is never seen, excépt when the gun
and the spectator are in sithilar directions, in respect to the
shower. It assumes the form of a semicircle, because it is
only at certain angles that the refracted rays are visible to the
eye.

Of the colors of things. The light of the sun, we have
seen, may be separated into seven primary rays, each of
which has a color of its own, and which is different from that
of the others. In the objects which surround us, both natural
and artificial, we observe a great variety of colors, which differ
from those composing the solar spectrum, and hence one
might be led to believe that both nature and art afforded col-
ors different from those afforded by the decomposition of the
solar rays. But it must be remembered, that the solar spec-
trum contains only the primary colors of nature, and that by
mixing these colors in various proportions with each other,
an indefinite variety of tints, all differing from their primaries,
may be obtained. .

It appears that the colors of all bodies depend on some pe-
culiar property of their surfaces, in consequénce of which,
they absorb some of the colored rays, and reflect the others.
Had the surfaces of all bodies the property of reflecting the

‘Why are the colors of things different from those of the solar spec-
trum? Ou what do the colors of bodies depend ? Suppose all bodies
re{lected the same ray, what would be the consequence, in regard to
color ? ’
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same ray only, all nature would display the monotony of a
single color, and our senses would never have known the
charms of that variety which we now behold.

All bodies appear of the color of that ray, or of a tint de-
pending on the several rays which it reflects, while all the
other rays are absorbed, or, in other terms, not reflected.
Black and white, therefore, in a philosophical sense, cannot
be considered as ¢olors, since the first arises from the absorp-
tion of all the rays, and the reflection of none, and the last is
produced by the reflection of all the rays, and the absorption
of none. But in aM colors, or shades of color, the rays only
are reflected, of which the color is composed. Thus the color
of grass, and the leaves of plants is green, because the surfa-
ces of these substances reflect only the green rays, and ab-
sorb all the others. For the same raason the rose is red, the
violet blue, and so of all colored substances, every one throw-
ing out the ray of its own color, and absorbing all the others.

To acoount for such a variety of colors as we see in differ-
ent bodies, it is supposed, that all substances, when made suf-
ficiently thin, are transparent, and consequently, that they
transmit through their surfaces, or absorb, certain rays of
light, while other rays are thrown back, or reflected, as above
described. Gold, for example, may be beat so thin as to
transmit some of the rays of light, and the same is true of
several of the other metals, which are capable of being ham-
mered into thin leaves. It is therefore, most probable, that"
all the metals, could they be made sufficiently thin, would
permit the rays of light to pass through them. Most, if not
quite, all the mineral substances, though in the mass they

" may seem quite opaque, admit the light through their edges,
when broken, and every kind of wood, when made no thinner
than writing paper, becomes translucent. Thus we may safe-
ly conclude, that every substance with which we are ac-

uainted, will admit the rays of light, when made sufficiently
thin.

Transparent, colorless substanced, whether solid, or fluid,
such as glass, water, or mica, reflect, and transmit light of the
same color ; that is, the light seen through these bodies, and
reflected from their surfaces, is white. This is true of all

Why are not black, and white considered as colors? Why is the col-
orof grass green? How is the variety of colors accounted for, by con-
sidering all bodies transparent? What is said of the reflection of col-
ored light by transparent substances ?
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transparent substances under ordinary circumstances; but if
their thi kness be diminished to a certain extent, these sud-
stances will both reflect, and transmit colored light of various
hues, according to their thickness. Thus the thin plates of
mica, which are left on the fingers, after handling that sub-
stance, will reflect prismatic rays of various colors.

There. is a degree of tenuity, at which transparent substan-
ces cease to reflect any of the colored rays, but absorb, or
transmit them all, in which case, they become black. This
may be proved by various experiments. If a soap bubble be
closely observed, it will be seen, that at first, the thickness is
sufficient to reflect the prismatic rays from all its parts, but as
it grows thinner, and just before it bursts, there may be seen
a spot on its top, which turns black, thus transmitting all the
rays at that part, and reflecting none. The same phenomenon
is exhibited, when a film of air, or water, is pressed between
two plates of glass. At the point of contact, or where the two
plates press each other with the greatest force, there will be
a black spot, while around this, there may be seen a system
of colored rings._

From such experiments, Sir Isaac Newton concluded, that
air, when below the thickness of kalf a millionth of an inch,
ceases to reflect light ; and also that water, when below the
thickness of three eighths of a millionth of an inch, ceases to
reflect light. But that both air and water, when their thick-
ness is in a certain degree above these limits, reflect all the
colored rays of the spectrum. : :

Now all solid bodies are more or less porous, having among
their particles either void spaces, or spaces filled with some
foreign matter, differing in density from the body itself, such
as air, or water. Even gold is not perfectly compact, since
water can be forced through its pores. It is most probable,
then, that the parts of the same body, differing in density,
either reflect, or transmit the rays of light, according to the
size, or arrangement of their particles; and in proof of this,
it is found that some bedies transmit the rays of one colar,
and reflect those of another. Thus the color, which passes
thll'}'mgh a leaf of gold is green, while that which it reflects is
yellow.

From a great variety of experiments on this subject, Sir

What substance is mentioned, as illustrating this fact? When is it
said that transparent substances become black? How is it proved that
fluids of extreme tenuity, absorb all the rays and reflect none ?

18
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Isaac Newton concludes that the transparent parts of bodies,
according to the sizes of their transparent pores, reflect rays
of one color, and trangmit thase of another, for the same rea-
son that thin plates, or minute particles of air, water, and some
other substances, reflect certain rays, and absorb, or transmit
others, and that this is the cause of all their colors,

In confirmation of the truth of this theory, it may be observ-
ed, that many substances, otherwise opaque, become trans-
parent, by filling their pores with some transparent fluid.
Thus the stone called Hydrophane, is perfectly opaque, when
dry, but becomes transparent when dipped in water; and
common writing paper becomes translucent, after it has ab-
sorbed a quantity of oil. The transparency, in these cases,
may be accounted for, by the different refractive powers which
the water and oil possess, from the stone, or paper, and in
consequence of which the light is enabled to pass among their
particles,

ASTRONOMY.

Astrenomy is that science which treats of the motions and
appearances of the heavenly bodies; accounts for the pheno-
mena which these bodies exhibit to us, and explains the laws
by which their motions, or apparent motions, are regulated.

Astronomy is divided into Descriptive, Physical, and
Practical.

Descriptive astronomy demonstrates the magnitudes, distan-
ces, and densities of the heavenly bodies, and explains the phe-
nomena dependent on their motions, such as the change of
seasons, and the vicissitudes of day and night.

Physical astronomy explains the theory of planetary mo-
tion, and the laws by which this motion is regulated and
sustained.

Practical astronomy details the description and use of as-
trononiical instruments, and developes the nature and appli-
cation of astronomical calculations.

The heavenly bodies are divided into three distinct classes,

What is the conclusion of Sir Isaac Newton, concerning the tenuity
at which water and air cease to reflect light? What is said of the po-
rous nature of solid bodies? What is astronomy ?* How is astronomy
divided? 'What does descriptive astronomy teach? W hat is the object
of physical astronomy? What is practical astronomy ?

e a . mem .
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or systems, namely, the solar system, consisting of the sun,
moon, and planets, the system of the fixed stars, and the sys-
tem of the comets, :

The Solar System.

The Solar system consists of the sun, and twenty-nine other
bodies, which revolve around him at various distances, and in
various periods of time.

The bodies which revolve around the sun as a centre, are
called primary planets. Thus the Earth, Venus and Mars,
are primary planets. - Those which revolve around the prima-
ry planets are called secondary planets, moons, or satellites.
Our moon is a secondary planet, or satellite.

The primary planets revolve around the sun in the following
order, and complete their revolutions in the following times,
computed inour daysand years. Beginning with that nearest
the sun, Mercury performs his revolution in 87 days and 23
hours ; Venus, in 224 days, 17 hours ; the Earth, attended by
the moon, in 365 days, 6 hours; Mars, in 1 year 322 days;
Ceres, in 4 years, 7 months, and 10 days; Pallas, in 4 years,
7 months, and 10 days; Juno, in 4 years and 128 days;
Vesta, in 3 years, 66 days, and 4 hours; Jupiter, in 11 years,
315 days, and 15 hours; Saturn, in 29 years, 161 days, and
19 hours; Herschel, in 83 years, 342 days, aod 4 hours.-

A year consists of the time which it takes a planet to per-
form one complete revolution through its orbit, or to pass once
around the sun. Our earth performs this revolution in 365
days, and therefore this is the period of our year. Mercury
completes her revolution in 88 days, and therefore her year is
no longer than 88 of our days. But the planet Herschel is
situated at such a distance from the sun, that his revolution is
not completed in less than about 84 of our years. The other
planets complete their revolutions in various periods of time,
between these ; so that the time of these periods is generally
in proportion to the distance of each planet from the sun.

eres, Pallas, Juno, and Vesta, are the smallest of all the
planets, and are called Asteroids.

How are the heavenly bodics divided? Of what does the solar sys-
tem consist ? What are the bodies called, which revolve around the
sun as a centre? What are those called, which revolve around these
primaries as a centro? In what order are the several planets situated,
- 1n respect to the sun? How long does it take each planet to make its
re:eolq:;;u,t around the sun? Whatisayear? What planets are called
asteroids’
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Besides the above enumerated primary planets, our system
contains eighteen secondary plauets, or .moons. Of these,
our Earth has one madon, Jupiter four, Saturn seven, and
- Herschel six. None of these meons, except our own, and one
or two of Saturns, can be seen without a telescope. The
seven other planets, so far as has been discovered, are entirely
without moons.

All the planets move around the sun, from east to west, and
in the same direction do the moons revolve around their pri-
maries, with the exception of those of Herschel, which ap-
pear torevolve in a contrary direction.

The paths in which the planéts move round the sun, and
in which the moons move round their primaries, are called
their orbits. These orbits are not exactly circular, as the
are commonly represented on paper, but are elliptical, or oval’,
so that all the planets are nearer the sun, when in one part
of their orbits, than when in another.

In addition to their annual revolutions, some of the planets
are known to have diurnal, or daily revolutions, like our earth.
The periods of these daily revolutions have been ascertained
in several of the planets, by spots on their surfaces. But
where no such mark is discernible, it cannot be ascertained
whether the planet has a daily revolution or not, though this
has been found to be the case in every instance where spots
are seen, and therelore there is little doubt but all have a daily,
as well as a yearly motion.

The azis of a planet is an imaginary line passing through
its centre, and about which its diurna!l revolution is performed.
The poles of the planets, are the extremities of this axis.

The orbits of Mercury and Venus are within that of the
earth, and consequently they are called inferior planeta.
The orbits of all the other planets are without, or exterior to
the earth, and these are called superior planets.

That the orbits of Mercury and Venus, are within that of
the earth, is evident from the circumstance, that they are
never seen in opposition to the sun, that is, they never appear

How many moons does our system contain? Which of the planets
are attended by moons, and how many has each? In what direction
do the planets move around the sun? W hat is the orbit of a planet?
What revolutions have the planets, besides their yearly revolutions?
Have all the planets diurnal revolutions? How is it known that the
planets have daily revolutions? What is the axis of a planet ? What
is the pole of a planet? Which are the superior, and which the infe~
rior planets ?
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in the west, when the sun is in the east. On the contrary,
the orbits of all the other planets are proved to be outside of
the earth’s, since they are sometimes seen in opposition to

Fig. 180. This will be understood
by fig. 180, where suppose
s to be the sun, m the orbit
of Mercury, or Venus, e the
orbit of theearth, and j that
of Jupiter. Now it 15 evi-
dent, that if a spectator be
placed any where in the
earth’s orbit, as at e, he may
sometimes see Jupiter in op-
position to the sun, as at j,
because then the spdctator
would be between Jupi-
ter and the sun. But the

orbit of Venus, being surrounded by that of the earth, she
never can come in opposition to the sun, or in that part of the
heavens opposite to him, as seen by us, because our earth
never passes between her and the sun.

It has already been stated, that the orbits of the planets are
elliptical, and that consequently, these bodies are sometimes
Dearer the sun than at others. Aa ellipse, or oval, has two

. foci, and the sun, instead of being in the common centre, is

always in the lower foci of their orbits. :
Fig. 181. The orbit of a planet is
a : represented by fig. 181,
where a, d, b, ¢ is an el
lipse, with its two foci s
and o, the sun being in the
focus s, which is called the
o b lower focus.
When the earth, or any

[xY

i

around the sun, is in that
part of its orbit nearest the

A

How is it proved that the inferior planets are within the earth’s orbit;
and the superior ones withoutit? Explain fig. 180, and show why the
inferior planets never can be in opposition to the sun. What are the
shapes of the planetiry orbits 7 What is meant by perihelion ?

18*

other planet, revolving .
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sun, asat a, it is said to be in its perikelion ; and when in that

rt, which is at the greatest distance from the sun, as atb, it
18 said to be in its apheliom. ‘The line s, d, is the mean, or
average distance of the planet’s orbit from the sun.

Ecliptic. 'I'he planes of the orbits of all the planets pass
through the centre of the sun. The plane of an orbit is an
imaginary line, passing from one extremity, or side of the or-
bit, to the other. If the rim of a drum head be considered
the orbit, its plane would be the parchment extended across
it, on which the drum is beaten. .

Let us suppose the earth’s orbit to be such a plane, cutting
the sun through his centre, and extending out on every side to
the starry heavens ; the great circle so made, would mark the
line of the ecliptic, or the sun’s apparent path through the
heavens.

This line is called the sun’s apparent path, because the re-
volution of the earth gives the sun the appearance of passing
through this circle. It is called the ecliptic, because eclipses
happen, when the moon is in, or near this apparent path.

Zvdiac. The Zodiac is an imaginary belt, or broad circle,
extending quite around the heavens. The ecliptic divides
the zodiac into two equal circles, the zodiac extending 8 de-
grees on each side of the ecliptic, and therefore is 16 degrees
wide. The zodiac is divided into 12 equal parts, called the
signs of the zodiac.

The sun appears every year to pass around the great circle
of the ecliptic, and consequently, through the 12 constella-
tions, or signs of the zodiac. But it will be seen, in another
place, that the sun, in respect to the earth, stands still, and
that his apparent course through the heavens is caused by the
annual revolution of the earth around its orbit.

To understand the cause of this deception, let us suppose

What is the plane of an orbit? Explain what is meant by the eclip-
tic. Why is the ecliptic called the sun’s apparent path? hat is the
zodiac? How does the ecliptic divide the zodiac? How far does the
zodiac extend, on each side of the ecliptic? -
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Fig. 182. that s, fig. 182, is the sun, a b,a part

. of the circle of the ecliptic, and ¢ d,
a part of the earth’s orbit. Now
if a spectator be placed at ¢, he will

see the sun, in that part of the eclip-
| / tic marked by b, but when the earth
/ moves, by her annual revolution to d,
oS the spectator will see the sun in that
NS part of the heavens marked by 4;
i so that the motion of the earth in-one
%ﬂ\\%s direction, will give the sun an appa-
AN rent motion in the contrary direc-

i PN tion.
, / N - A sign, or constellation, is a col-
m lection of fixed stars, and as we have

already seen, the sun appears to move
through the twelve signs of the zcdiac every year. Now the
sun’s placein the heavens, or zodiac, is found by his apparent
conjunction, or nearness to any perticular star-in a eonstella-
tion. Suppose a spectator at ¢, observes the sun to be nearly
in a line with a star at b, then the sun would be near a parti-
cular star in a certain constellation. When the earth moves
to d, his place would assume another direction, and he would
seem to have moved into another constellation, and near the
star a. .

Each of the 12 signs of the zodiac is divided into 30 small-
er parts, called degrees; each degree into 60 equa] parts,
called minutes, and each minute into 60 parts, called seconds.

The division of the zodiac into signs, is of very ancient date,
each signaving also received the name of some animal, or
thing, which the constellation, forming that sign, was supposed
to resemble. It is hardly necessary to say, that this is chiefly
the result of imagination, sinee the figures made by the places

* of the stars, never mark the outlines of the figures of animals,
or other things. This is, however, found to be the most con-
venient method of finding any particular star, for among astro-
nomers, any star, in each constellation, may be designated by
describing the part of the animal in which it is situated.

Explain fig. 182, and show why the sun seems to pass through the

ecliptic, when the earth only revolves around the sun. What is a con-

' stellation, or sign? How is the sun’s apparent place in the heavens

| found? Into how many parts, are the signs of the zodiac divided, and
i ‘ what are these parts called ?
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Thus, by knowing how many stars belong to the constellation -

of Leo, or the Lion, we readily know what star is meant by
that which is situated on the Lion’s ear, or tail. The names
of the 12 sigus of the zodia¢ are Aries, Taurus, Gemini, Can-
cer, Leo, Virgo, Libra, Scorpio, Sagittarius, Capricorn, Aqua-
rius, and Pisces. The common names, or meaning of these
words, in the same order, are, the Ram, the Bull, the Twins,
the Crab, the Lion, the Virgin, the Scales, the Scorpion, the
Archer, the Goat, the Waterer, and the Fishes.
Fig. 183.

The 12 signs of the zodiac, together with the sun, and the
earth revolving around him, are represented at fig. 183. When
the earth is at A, the sun will appear to be just entering the

Is there any resemblance between the places of the stars, and the
figures of the animals after which they are called? Explain why this
is a convenient method of finding any particular star in a sign. {Vlnt
are the names of the 12 signs?
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sign Aries, because then when seen from the earth, he ranges’
towards certain stars at the beginning of that constellation.
When the earth is at C, the sun will appear in the opposite
port of the heaveans, and therefore in the beginning of Libra.
The middle line, dividing the circle of the zodiac into equal +
parts, is the lne of the ecliptic. '

Density of the Planets. Astronomers have no means of
ascertaining whether the planets are composed of the same
kind of matter as our earth, or not, or whether their surfaces
are clothed with vegetables and forests, or not. They have,
however, been able to ascertain the densities of several of
them, by observations on their mutual attraction. By density,
is meant compactness, or the quantity of matter in a given
space. When twe bodies are of equal bulk, that which weighs
most, has the greatest density. It was shown, while treating
of the properties of bodies, that bodies attract each other,
in proportion to the quantities of ‘matter they contain. If,
therefore, we know the dimensions of several bodies, and can
ascertain the proportion in which they attract each other, their
quantities of mdtter, or densities, are easily found.

Thus, when the planets pass each other, in their circuits
through the heavens, they are often drawn a little out of the
lines of their-arhita by auraciion. _As bodies attract ip pros

portion to their quantities of matter, it is obvious that the ¥

small planets, if of the same density, will suffer greater disturb-
ance from this cause, than the large ones. But suppose two
planets, of the same dimensions, pass each other, and it is
found that one of them is attracted twice as far out of its orbit
as the other, then, by the known laws of gravity, it would be
inferred, that one of them contained twice the quantity of
matter that the other did, and therefore that the density of the
one was twice that of the other.

By calculations of this kind, it has been found, that the
density of the sun is but a little greater than that of water,
while Mereury is more than nine times as dense as water,
having a specific gravity nearly equal to that of lead. The
earth has a density about five times greater than that of the
sun, and a little less than half that of Mercury. The densi-

Explain why the sun will be in the beginning of Aries, when the
earth is at A, fig. 183. How has the density of tie plane!s been ascer-
tained? A What is meant by density? In what proportions do bodies
attract each other? How are the densities of the planets ascertained ?
‘What is the density of the sun, of Mercury, and of the earth ?_
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ties of the other planets seem to diminish in proportion
as their distances from the sun increase, the density of
Saturn, one of the most remote of the planets, being only
about one third that of water. :

The Sun.

The sun is the centre of the solar system, and the great
dispenser of heat and light to all the planets. Around the
sun all.the planets revolve, as around a common centre, he
being the largest body in our system, and, so far as we know,
the largest in the universe.

The distance of the sun from the earth is 95 millions of
miles, and his diameter is estimated at 880,000 miles. Our
globe, when compared with the magnitude of the sun, is a
mere point, for his bulk is about thirteen hundred thousand
times greater than that of the earth. Were the sun’s centre
placed in the centre of the moon’s orbit, his circumference
would reach two hundred thousand miles beyond her orbit in
every direction, thus filling the whole space between us and
the moon, and extending nearly as far beyond her, as she is
from us. A traveller, who should go at the rate of 90 miles
a day, would perform a_journey of nearly 33,000 miles in a
year, and yet it would take such a traveller more than 80
Years to go round the circumference of the sun. A body of
such mighty dimensions, hanging on nothing, it is’ certain,
must have emanated from an Almighty power.

The sun appears to move around the earth, every 24 hours,
rising in the east, and setting in the west. This motion, as
will be proved in another place, is only apparent, and arises
from the diurnal revolution of the earth.

The sun, although he does not, like the planets, revolve in
an orbit, is, however, not without motion, having a revolution

.around his own axis, once in 25 days and 10 hours. Both the

fact that he has such a motion, and the time in which it is

erformed, have been ascertained by the spots on his surface.
ff a spot is seen, on a revolving body, in a certain direction,
it is obvious, that when the same spot is again seen, in the

In what proportions do the densities of the planets appear to dimin-

‘ish? Where is the place of the sun, in the solar systern ? What is the

distance of the sun from the earth ?  What is the dinmeter of the sun ?
Suppose the centre of the sun and that of the moon’s orbit to be coinci-
dent, how far would the sun extend beyond the moon’s orbit? How is
it proved that the sun has a motion around his own axis ? How often
does the sun revolve ?



ASTRONOMY, 211

same direction, that the body has made one revolution. By
such spots the diurnal revolutions of the planets, as well as
the sun, have been determined." ‘ : .

Spots on the sun seem first to have been observed in the
year 1611, since which time, they have constantly attracted
the attention,. and have been the subject of investigation
among astronomers. These spots change their appearance a8
the sun revolves on his axis, and become greater, or léss, to
an observer on the earth, as they are turned to, or from him
they also change in respect to real magnitude and number :
one spot, seen by Dr. Herschel, was estimated to be more
than six times the size of our earth, being 50,000 miles in
diameter. Sometimes forty or fifty spots may be seen at the
same time, and sometimes only one. They are often so large
as to be seen with the naked eye; this was the case in 1816.

In respect to the nature and design of these spots, almost
every astronomer has formed a different theory. Some have
supposed them to be solid opaque masses of scoriz, floating in
the liquid fire of the sun ; others as satellites, revolving round
him, and hiding his light from us; others as immense masses,
which have fallen on his disc, and which are dark colored be-
cause they have not yet become sufficiently heated. In two
instances, these spots have been seen to burst into several

arts, and the parts to fly in several directions, like a piece.of
ice thrown upon the ground. Others have supposed that
these dark spots were the body of the sun, which became
visible in consequence of openings through the fiery matter,
with which he is surrounded. Dr. Herschel, from a great
number of observations by his powerful telescope, concludes,
that the shining matter of the sun consists of a mass of phos-
phoric clouds, and that the spots on his surface, are owing to
disturbances in the equilibrium of this luminous matter, by
which openings are made through it. There are, howeyer,
objections to this theory, as indeed there are to all the others,
and at present it can only be said, that no satisfactory expla-
nation of the cause of these spots has been given. }

That the sun, at the same time that he is the great source
of heat and light to all the solar world, may yet be capable of
supporting animal life, bas been the favorite doctrine of seve-

W hen were spots on the sun first observed? What has been the dif-
ference in the number of spots observed? What was the size of the
spot seen by Dr. Herschel? What has been advanced concerning the
nature of these spots? Have they been accounted for satisfactorily ?
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ral able astronomers. Dr. Wilson first suggested, that this
might be the case, and Dr. Herschel, with his great telescope,
made dbservations which confirmed him in this opinion. The
latter astronomer supposed that the functions of the sun, as
the dispenser of light and heat, might be performed by a lumi-
nous, or phosphoric atmosphere, surrounding him at many
hundred miles distance, while his solid nucleus might be fit-
ted for the habitations of millions of reasonable beings. This
doctrine is, however, rejected by most writers on the subject
at the present day.

Mercury.

Mercury, the planet nearest the sun, is about 3000 miles in
diameter, and revolves around him, at the distance of 37
millions of miles. The period of his revolution,is 87 days,
and he turns on his axis once in about 24 days N

The nearness of this planet to the sun, and the short time
his fully iluminated disc is turned towards, the earth, has pre-
vented astronomers from making wany observations on him.

No signs of an atmosphere have been observed in this planet.
The sun’s heat at Mercury is about seven times greater than
itis on the earth, so that water, if nature follows the same laws
there, that she does here, cannot exist at Mercury, except in
the state of steam.

The nearness of this planet to the sun, prevents his being
often seen. He may, however, be observed just before the
rising, and a little after the setting of -the sun. When seen
after sunset, he appears a brilliant, twinkling star, showing a
" white light, which, however, is much obscured by the glare of
twilight. . Whenb seen in the morning, before the rising of the
sun, his light is also obscured by the sun’s rays.

Mercury, like Venus, sometimes crosses the disc of the sun, _

or comes between the earth and that luminary, so as to appear
like a small dark spot passing over the sun’s face. This is
called the transit of Mercury.

Venus. )
Venus is the other planet, whose orbit is within that of the

‘What is said concerning the sun’s being a habitable globe? What is
the diameter of Mercury, and what are his periods of annual and diurnal
revolution? How great is the sun’s heat at Mercury? At what times
is Mercury to be seen? What is a transit of Mercury ?_

'
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earth. Her diameter is about 8600 miles, being somewhat
larger than the earth.

er revolution around the sun is performed in 224 days, at
the distance of 68 millions of miles from him. She turns on
her axis once in 23 hours, so that her day is a little shorter
than ours..

Venus, as seen from the earth, is the most brilliant of all the
primary planets,and is better known thanany nocturnal lumina-
ry except the moon. When seen through a telescope, she ex-
hibits the phases, or horned appearance of the moon, and her
face is sometimes variegated with dark spots. Venus may
often be seen, in the day time, even when she is in the vicini-
ty of the blazing light of the sun. A luminous appearance
around this planet, seen at certain times, proves that she has
an atmosphere. Some of her mountains are several times
more elevated than any on our globe, being from 10 to 22
miles high. Venus sometimes makes a transit across the
sun’s disc, in the same manner as Mercury, already de-
scribed. The transits of Venus occur only at distant periods
from each other. The last transit was in 1769, and the next
will not happen until 1874. These transits have been ob-
served by astronomers with the greatest care and accuracy,
since it is by observations on them, that the true distances of
the earth and planets from the sun, are determined.

When Venus is in that part of her orbit, which gives her
the appearance of being west of the sun, she rises before him,
and is then called the morning star ; and when she appears
east of the sun, she is behind him in her course, and is then
called the evening star. These periods do not agree, either
with the yearly revolution of the earth, or of Venus, for she is
alternately 290 days the morning star, and. %90 days the even-
ing star. The reason of this is, that the earth and Venus
move round the sun in the same direction, and hence her re-
lative motion, in respect to the earth, is much slower than her
absolute motion in her orbit. If the earth had no yearly
motion, Venus would be the morning star one half of her year,
and the evening star the other half.

W here is the orbit of Venus, in respect to that of the earth > What
is the time of Venus’ revolution round the sun? How often dees she
turn on her axis? What is said of the height of the mountains in Ve-
nus? On what account are the transits of Venus observed with great
care? When is Venus the morning, and when the evening star? g;:v
long is Venus the morning, and how long the evening star ? :

1
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The Eartk.

The next planet in our system, nearest the sun, is the Earth.
This planet revolves around bim in 365 days, 5 hours, and
48 minutes; and at the distance of 95 millions of miles.
It turns round its own axis once in 24 hours, making a
day and a night. The Earth’s revolution round the sun, is
called its annual, or yearly motion, because it is performed
in a year ; while the revolution around its own axis, is
called the diurnal, or daily motion, because it takes place
every day. The figure of the earth, with the phenomena con-
nected with her motion, will be explained in another place.

The Moon.

The Moon, next to the sug, is, to us, the most brilliant, and
interesting of all the celestial bodies. Being the nearest to
us, of any of the heavenly orbs, and apparently designed for
our use, she has been observed with great attention, and many
of the phenomena which she presents, are therefore better
understood and explained, than those of the other planets.

While the earth revolves round the sun in a year, it is at-
tended by the Moon, which makes a revolution round the
earth once in 27 days 7 hours and 43 minutes. The distance
of the Moon from the earth is 240,000 miles, and her diameter
about 2000 miles.

Her surface, when seen through a telescope, appears diver-
sified with hills, mountains, valleys, rocks, and plains, present-
ing a most interesting and curious aspect ; but the explana-
tion ‘'of these phenomena are reserved for another section.

, Mars.

The next planet in the solar system, is Mars, his orbit
surrounding that of “the earth. The diameter of this planet
is upwards of 4000 miles, being about half that of the earth.
The revolution of Mars around the sun is performed in nearly
687 days, or in somewhat less than two of our years, and he
turns on his axis once in 24 hours and 40 minutes. His dis-

How long does it take the earth to revolve round the sun? What is
meant by the earth’s annual revolution, and what by her diurnal revo-
lution? Why are the phenomena of the moon better explained than
those of the other planets ? In what time is a révolution of the moon
sbout the earth performed? What is the distance of the moon from the
earth? Whatis the diameter of Mars? How much longer is a year at
Mars than our year?
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tance from the suun is 144 millions of miles, so that he moves

in his orbit at the rate of about 50,000 miles in at hour. The -

days and nights, at this planet, and the different seasons of
the year, bear a considerable resemblance to those of the
earth. The density of Mars is less than that of the earth,
being only three times that of water.

Mars reflects a dull red light, by which he may be distin-
. guished from the other planets. His appearance, through the:
telescope, is remarkable for the great number and variety of
spots which his surface presents.

Mars has an atmosphere of great density and extent, as is
proved by the dim appearance of the fixed stars, when seen
through it. 'When any of the stars are seen nearly in a line
with this planet, they give a faint, obscure light, and the
nearer they approach the line of his dise, the fainter is their
light, until the star is entirely obscured from the sight.

This planet sometimes appears much larger to us, than at
others, and this is readily accounted for by his greater, or less
distance. At his nearest approach to the earth, his distance
is only 50 millions of miles, while his greatest distance is 240
millions of miles ; making a difference in his distance of 190
millions of miles.

The sun’s heat at this planet, is less than half that which
we enjoy.

To the inhabitants of Mars, our planet appears alternately
as the morning and evening star, as Venus does to us.

Vesta, Juno, Pallas, and Ceres.

These planets were unknown until recently, and are there-
fore sometimes called the new planets. It has been mention-
ed, that they are also called Asteroids.

The orbit of Vesta is next in the solar system to that of
Mars. This planet was discovered by Dr. Olbers, of Bremen,
in 1807. The light of Vesta is of a pure white, and in a clear
night she may be seen with the naked eye, appearing about
the size of a star of the 5th or 6th magnitude. Her revolu-
tion round the sun is performed in 3 years and 66 days, at
the distance of 223 millions of miles from him.

What is his rate of motion in his orbit? What is his appearance
through the telescope? How is it proved that Mars has an atmosphere
of great density> Why does Mars somotimes appear to us larger than
at others? How great is the sun’s heat at Mars ? W hich are the new
planets, or asteroids? When was Vesta discovered? What is the pe-
riod of Vesta’s annual revolution ?

[ S
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Juno waes discovered by Mr. Harding, of Bremen, in 1804.
Her mean distance from the sun is 253 millions of miles.
Her orbit is more elliptical than that of any other planet, and
in consequence, she is sometimes 127 millions of miles nearer
the sun than at others. This planet completes its annual re-
volution in 4 years and about 4 months, and revolves round
its axis in 27 hours, Its diameter is 1400 miles.

Pallas was also discovered by Dr. Olbers, in 1802. Its
distance from the sun is 226 millions of miles, and its periodic
revolution round him, is performed in 4 years and 7 months,

Ceres was discovered in 1801, by Piazzi, of Palermo. This
planet performs her revolution in the same time as Pallas,
being 4 years and 7 months. Her distance from the sun 260
millions of miles. According to Dr. Herschel, this planet is
only about 160 miles in diameter. .

Jupiter.

Jupiter is 89,000 miles in diameter, and performs his annu-
al revolation once in about 11 years, at the distance of 490
millions of miles from the sun. This is the largest planet in
the solar system, being about 1400 times larger than the earth.
His diurnal revolution is performed in nine hours and fifty-
five minutes, giving his surface, at the equator, a motion of
28,000 miles per hour. This motion is about twenty times
more rapid than that of our earth at the equator. '

Jupiter, next to Venus, is the most brilliant of the planets,
though the light and heat of the sun on him, is nearly 25
times less than on the earth.

This planet is distinguished from all the others, by an ap-
pearance resembling bands, which extend across his disc.

: Fig. 184.

t
I

When was Juno discovered? What is her distance from the sun ?
What is the period of her revolution, and what her diameter?

~
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These are termed belts, and are variable, both in respect to
number and appearance. Sometimes seven or eight are seen,
several of which extend quite across his face, while others
appear broken, or interrupted.

These bands, or belts, when the planet is observed through
a telescope, appear as represented in fig. 184. This appear-
ance is much the most common, the belts running quite across
the face of the planet in parallel lines. Sometimes, however,
his aspect is quite different from this, for in 1780, Dr. Hers-
chel saw the whole disc of Jupiter covered with small curved
lines, each of which appeared broken, or interrupted, the
whole having a parallel direction across his disc, as in fig. 185.
' Fig. 185. N

Different opinions have been advanced by astronomers re-
specting the cause of these appearances. By some, they have
been regarded as clouds, or as openings in the atmosphere of
the planet, while others imagine that they are the marks of
-great natural changes, or revolutions, which are perpetually
agitating the surface of that planet. It is, however, most pro-
bable, that these appearances are produced by the agency of
some cause, of which we, on this little earth, must always be
entirely ignorant. ’

Jupiter has four satellites, or moons, two of which are
sometimes seen with the naked eye. They move round, and

What issaid of Pallas and Ceres? What is the diameter of Jupiter?
What is his distance from the sun? What is the period of Jupiter’s
diurnal revolution? What is the sun’s heat and light at Jupiter, when
compared with that of the earth? For what is Jupiter particularly dis-
tinguished ? Is the appearance of Jupiter’s belts always the same, or
do they change? What is said of the'rause of Jupiter’s belted appear-

ance? How many moons has Jupiter, and what are the periods of their -

revolutions?

19*
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attend him in his yearly revolution, as the moon does our earth.
They complete their revolutions at different periods, the
shortest of which is less than ten days, and the longest sev-
enteen days.

These satellites often fall into the shadow of their primary,
in consequence of which they are eclipsed, as seen from the
earth The eclipses of Jupiter’s moons have been observed
with great care by astronomers, because they have been the.
means of determining the exact longitude of places, and the
velocity with which light moves through space. How longi-
tude is determined by these eclipses, cannot be explained or
understood at this place, but the method by which they
become the means of ascertaining the velocity of light, ma
be readily comprehended. An eclipse of one of these satel-
lites, appears, by calculation, to take place sixteen minutes
sooner, when the earth is in that part of her orbit nearest to
Jupiter, than it does, when the earth is in that part of her
orbit, at the greatest distance from him. Hence light is found
to be sixteen minutes in crossing the earth’s orbit, and as the
sun is in the centre of this' orbit, or nearly so, it must take
about 8 minutes for the light to come from him to us. Light
therefore, passes at the velocity of 95 millions of miles, our
distance from the sun, in about 8 minutes.

Saturn.

The planet Saturn revolves round the sun in a period of
about 30 of our years, and at the distance from him, of 900
millions of miles. His diameter is 79,000 miles, making his
bulk nearly nine hupdred times greater than that of the earth, -
but netwithstanding this vast size, he revolves on his axis
once in about ten hours. Saturn therefore performs upwards
of 25,000 diurnal revolations in one of his years, and hence
his year consists of more than 25,000 days ; a period of time
equal to more than 10,000 of ourdays.” On account of the
remote distance of Saturn from the suh, he receives only
about a 90ih part of the heat and light which we enjoy on the
earth. But to compensate, in some degree, for this vast dis-
tance from the sun, Saturn has.seven moons, which revolve

What occasions the eclipses of Jupiter’s moons? Of what use are
these cclipses to astronomers? How is the velocity of light ascertained
by the ec'ipses of Jupiter’s satellites? W hat is the time of Saturn’s
periodic revolution round the sun? What is his distance from the sun?
What his diameter 7 What is the period of his diurnal revolution ?

w many days make a year at Saturn? ’
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round him at different distances, and at various periods, from
1 to 80 days. :

Saturn 1s distinguished from the other planets by his ring,
as Jupiter is by his belt, When this planet is viewed through
a telescope, he appears surrounded by an immense luminous
circle, which is represented by fig. 186, .

Fig. 186. There are in-
- deed twoluminous
circles, or rings,
one within the
other, with a dark
space ~  between
them, so that they
do not appear to

_ touch each other.
Neither does the inner ring touch the body of the planet,
there being by estimation, about the distance of 30,000 miles
between them. The external circumference of the outer ring
is 640,000 miles, and its breadth, from the outer to the inner
circumference, 7,200 miles, or nearly the diameter of our
earth. The dark space, between the two rings, or the inter-
val between the inner, and outer ring, is 2800 miles.

This immense appendage revolves round the sun with the
planet,—performs daily revolutions with it, and according
to Dr. Herschel, is a solid substance, equal in density to the
body of the planet itself.

The design of Saturn’s ring, an appendage so vast, and so
different from any thing presented by the other planets, has
always been a matter of speculation and inquiry among astro-
nomers. One of its most obvious uses appears to be that of
reflecting the light of the sun on the body of the planet, and
possibly it may reflect the heat also, so as in some degree to
soften the rigour of so inhospitable a climate.

As this planet revolves around the sun, one of its sides is
illuminated during one half of the year, and the other side
during the other half; so that, as Saturn’s -year is equal to
thirty of our years, one of his sides will be enlightened and
darkened, alternately, every fifteen years, as the poles of our
earth are alternately in the light and dark every year.

. How many moons has Saturn? How is Saturn particularly distin-
guished from all the other planets? What distance is there between
the body of Saturn and his inner ring? What distance is there between
his innor and outer ring? Whatis the circumference of the outer ring?
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Fig. 187. Fig. 187 represents Sat-
— - -~ een by an eye pla-
ight angles to the
"his ring. When
)m the earth, his
is always oblique,
sented by fig. 186.
inner white circle
ts the body of the
enlightened by the
he dark circle next
sthe unenlightened
itween the body of
et and the inner
ing the dark ex-
the heavens beyond
g - S —— - rings of the planet,
with the dark space between them, which also is the dark
expanse of the heavens.

Herschel.

In consequence of some inequalities in the motions of Ju-
piter and Saturn, in their orbits, several astronomers had sus-
pected that there existed another planet beyond the orbit of
Saturn, by whose attractive influence these irregularities were
produced. This conjecture was confirmed by Dr. Herschel,
in 1781, who in that year discovered the planet, which is now
generally known by the name of its discoverer, though called
by him Georgium sidus. The orbit of Herschel is beyond
that of Saturn, and at the distance of 1800 millions of miles
from the sun. To the naked eye this planet appears like a
star of the sixth magnitude, being, with the exception of some
of the comets, the most remote body, so far as is known, in
the solar system.

Herschel completes his revolution round the sun in 84 of
our years, moving in his orbit at the rate of 15,000 miles in
an hour. His diameter is 35,000 miles, so that his bulk is
about eighty times that of the earth. The light and heat of

+How long is one of Saturn’s sides alternately in the light and dark 2
In what position is Saturn represented by fig. 187? What circumstance
led to the discovery of Herschel? In what year, and by whom was
Herschel discovered? What is the distance of Herschel from the sun?
In what period is his revolution round the sun performed? What is
the diameter of Herachel ?

<
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the sun at Herschel is about 360 times less than it is at the
earth, and yet it has been found by calculation, that this light
is equal to 248 of our full moons, a striking proof of the in-
conceivable quantity of light emitted by the sun.

This planet has six satellites, which revolve round him at
various distances, and in different times, The periods of
some of these have been ascertained, while those of the others,
remain unknown.

Fig. 189.

Having now given a short account of each planet composing
the solar system, the relative situation of their several orbits,
with the exception of those of the Asteroids, are shown by.
- fig. 189, -

In the figure, the orbits are marked by the signs of each -

‘What is the quantity of light and heat at Herschel, when compared
with that of the earth ? .
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planet, of which the first, or that nearest the sun, is Mercury,
the next Venus, the third the Earth, the fourth Mars ; then
come those of the Asteroids, then Jupiter, then Saturn, and
lastly Herschel: : :
The comparative dimensions of the planets are delineated
at fig. 189,
Fig. 189.

Mo, m\o/

Motions of the Planets.

It is said that when Sir Isaac Newton was near demonstra-
ting that great truth, that gravity was the cause which kept
the heavenly bodies in their orbits, he became so agitated with
the thoughts of the magnitude and consequences of his disco-
very, as to be unable to proceed with his demonstrations, and
desired a friend to finish what the intensity of his feelings
would not allow him to complete. -

We have seen, in a former part of this work, that all undis-
turbed motion is straight forward, and that a body projected
into open space, would continue, perpetually, to move in a
right line, unless retarded, or drawn out of this course by
some external cause.

To account for the motions of the planets in their orbits,
we will suppose that the earth, at the time of its creation, was
thrown, by the hand of the Creator, into open space, the sun
having been before created and fixed in his present place.

Under Compound Motion, it has been shown, that when a
body is acted on by two forces, perpendicular to each other,

its motion will be in a diagonal line between the direction of
the two forces.
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Fig. 190. To make this obvious, sup-

pose a ball to be moving in

n the line m z, fig. 190, with a

given force, and suppose an-

a m other force halfasgreat,should

‘strike it in the direction of n,

the ball would then describe

the diagonal of a parallelo-

0 ' gram, whose length would be

just equal to twice its breadth, and the line of the ball would be

straight, because it would obey the impulse and direction of
these two forces only. :

Now suppose a, fig. 191,
to represent the earth, and
s the sun; and suppose
the earth to be moving

- forward, in the line from
a to b, and to have arrived
at a, with a velocity suffi-
cient, in a given time, and
without disturbance,. to
have carried it to 5. But
at the point a, the sun, s,
acts upon the earth with
his attractive power, and

‘ with a force which would

draw it to ¢, in the same space of time that it would otherwise
-have gone to 8. Then the earth, instead of passing to b, in a
straight line, would be drawn down to d, the diagonal of the
parallelogram a, b, d, c. The liae of direction, in fig. 190 is
straight, because the body moved, ebeys only the direction of
the two forces, but it is curved, from a to d, fig. 191, in con-
sequence of the continued force of the sun’s attraction, which
produces a constant deviation from a right line.

When the earth arrives at d, still retaining its projectile, or -
centrifugal force, its line of direction would be towards =,
but while it would pass along to », without disturbance, the
attracting force of the sun is again sufficient to bring it to e,

Suppose a body to be acted on by two forces, perpendicular to each

other, in what direction will it move? Why does the ball, fig. 190,

- movein a straight line? Why does the earth, fig. 191, move in & curved

line? Explain fig. 191, and show how the two forces act to produce a
circular line of motion, ~
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in a straight line, so that in obedience to the two impulses, it
agein describes the curve to o.

It must be remembered, in order to -account for the circular
motions of the planets, that the attractive force of the sun is
not exerted at once, or by a single impulse, as is the case with
the cross forces, producing a straight line, but that this force
is imparted by degrees, and is constant. It therefore acts
equally on the earth, in all parts of the course from a to d,
and from d too. From o, the earth having the same impulses
as before, it moves in the same curved, or circular direction,
and thus its motion is continued perpetually.

The tendency of the earth to move forward in a straight
line, is called its centrifugal force, and the attraction of the
sun, by which it is drawn downwards, or towards a centre, is
called its centripetal force, and it is by these two forces that
the planets are made to perform their constant revolutions
around the sun.

In the above explanation, it has been supposed that the
sun’s attraction, which counstitutes the earth’s gravity, was at
all times equal, or that the earth was at an equal distance from
the sun, in all parts of its orbit. But as heretofore explained,
the orbits of all the planets are elliptical, the sun being placed

Fig. 192. in the lower focus of the

(4 ellipse. The sun’s attrac-

tion is therefore stronger

in some parts of their or-

bits than in others, and for

this reason, their velocities

are greater at some periods

of their revolutions, than
at-others.

To make this under-
stood, suppose, as before,
that the centrifugal and
centripetal forces so bal-
ance each other, that the
earth moves round the cir-

What is the projectile force of the earth called? What is the at-
tractive force of the sun, which draws the earth towards him, called ?
Explain fig, 192, and show the reason why the velocity is increased from
¢ to d,and why it is not retarded from d to g.
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cular orbit @ ¢ b, fig. 192,.until it comes to the point e; and
at this point, let us suppose that the gravitating force is too
strang for the force of projection, so that the earth, instead of
continuing its former direction towards b, is attracted by the
sun s, in the curve ¢ ¢. When at ¢, the line of the earth’s
projectile force, instead of tending to carry it farther from the
sun, as would be the case, were it revolving in a circular or-
bit, now tends to draw it still nearer to him, so that at this
point, it is impelled by both forces towards the sun. From ¢,
therefore, the force of gravity increasing in proportion as the
square of the distance between the sun and earth diminishes,
" the velocity of the earth will be uniformly accelerated, until
it arrives at the point nearest the sun, d. - At this part of its
orbit, the earth will have gained, by its increased velocity, so
much centrifugal force, as to give it a tendency to overcome
"the sun’s attraction, and to fly. off in the line d o. But the
sun’s attraction being also increased by the near approach of
the earth, the earth is retained in its orbit, notwithstanding
its increased centrifugal force, and it therefore passes through
the opposite part of its orbit, from d to g, at the same distance
from him that it approached. As the earth passes from the
sun, the force of gravity tends continually to retard its motion,
as it did to increase it while approaching him. But the velocity
it had acquired in approaching the sun, gives it the same rate
of motion from d to g, that it had from c to d. From g, the
earth’s motion is uniformly retarded, until it again arrivesate,
the point from which it commenced, and from whence it de-
scribes the sawne orbit, by virtue of the same forces, as before.

The earth, therefore, in its journey round the sun, moves at
very unequal velocities, sometimes being retarded, and then
again accelerated by the sun’s attraction.

It is an interesting circumstance, respecting the motions of
the planets, that if the contents of their orbits be divided into
unequal triangles, the acute angles of which centre at the sun,
with the line of the orbit for their bases, the centre of the
planet will pass through each of these bases in equal times.

This will be understood by fig. 193, the elliptical eircle be-
ing supposed to be the earth’s orbit, with the sun, s, in one of
the foci.

Now the spaces 1, 2, 3, &c. though of different shapes are
of the same dimensions, or-contain the same quantity of sur-

What is meant by a pla.net;s passing through equal spaces in equal
“times ?
20
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face. The earth, we have
already seen, in its journey
round the sun, describes an
ellipse, and moves- more ra-
pidly in one part of its orbit
than in another. But what-
ever may be its actual velo-
city, its comparative motion
is through equal areas in
equal times. 'Thus its cen-
tre passes from E to C, and
from B to A, in the same pe-
riod of time, and so of all
the othér divisions marked
in the figure. If the figure,
therefore, be considered the
_ plane of the earth’s orbit,
divided in 12 equal areas,
-answering to the 12 months of the year, the earth will pass
through the same areas in every month, but the spaces throngh
which it passes will be increased, during every month, for one
half the year, and diminished, during every month, for the
other half. .

" The reason why the planets, when they approach near the
sun do not fall to him, in consequence of his increased attrac-
tion, and why they do not fly off into open space, when they
rgcede to the greatest distance from him, may be thusexplain-
ed.

Taking the earth as an example, we have shown, that when
in the part of her orbit nearest the sun, her velocity is greatly
increased by his attraction, and that consequently the earth’s
centrifugal force is increased in proportion. As an illustra-
tion of this, we know that a thread which will sustain an
ounce ball when whirled round in the air, at the rate of 50
revolutions in a minute, would be broken, were these revolu-
tions increased to the number of 60 or 70 in a minute, and
that the ball would then fly off in a straight line. This shows
that when the motion of a revolving body is increased, its cen-

. How is it shown, that if the motion of a revolving body is increased,
its projectile force is also increased? By what force is the earth’s ve-
locity inereased, as it approaches the sun? . When the earth is nearest
the sun, why does it net fall to him? When the earth’s centrifugal
force is greatest, what preventsits flying to the sun?
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trifugal foree is also increased. Now the velocity of the
earth increases in an inverse proportion, as its distance from
the sun diminishes, and in'proportion to the increase of veloci-

-ty is #ts centrifugal force increased ; so that, in any other part

of its orbit, except- when nearest the sun, this increase of :
velocity would carry the earth away from 1its centre of attrac-
tion. But this increase of the earth’s velocity is caused by
1ts near approach to the sun, and consequently the sun’s at-
traction is increased, as well as the earth’s velocity. Io other
terms, when the centrifugal force is increased, the centripetal
force is increased in proportion, and thus while the centrifu-
gal force prevents the earth from falling to the sun, the cen«
tripetal force prevents it from moving off in a straight line.
When the earth is in that part of its orbit most distant from
the sun, its projectile velocity being retarded, by the counter
force of the sun’s attraction, becomes greatly diminished, and
then the centripetal force becomes stronger than the centrifu-
gal, and the earth is again brought back by the sun’s attrac-
tion, as before, and in this manner its motion goes on 'without
ceasing. It is supposed, as the planets move through spaces
void of resistance, that their centrifugal forces remain the
same as when they first emanated from the hand of the Cre-
ator, and that this force without the influence of the sun’s
attraction, would carry them forward into infinite space.

The Eaxth.

It is almost universally believed, at the present day, that
the apparent daily motion of the heavenly bodies from east to
west, is caused by the real motion of the earth from west to
east, and yet there are comparaiively few who have examined
the evidence on which this belief is founded. For this rea-

- son, we will here state the most obvious, and to a eommon

observer the most convincing proofs of the earth’s revolution.
These are, first the inconceivable velocity of the heavenly
bodies, and particularly the fixed stars around the earth, if she
stands still. Second, the fact 2 all astrenomers of the
present age agree, that every:phé€nomenon which the heavens
present, can be best accounted for, by supposing the earth to
revolve. Third, the analogy 4o be drawn from:many of the’
other planets, which are known to revolve on their axes; and
fourth, the different lengths of days and nights at the different

What are the.most obvious and convincing proofs that the earth re-
volves on its axig? : . .
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planets, for did the sun revolve about the solar system, the
days and nights at many’ of the planets, must be of similar
lengths.

The distance of the sun from the earth being 95 millions
of miles, the diameter of the earth’s orbit is twice its distance
from the sun, and therefore, 190 millions of miles. Now the
diameter of the earth’s orbit, when seen from the nearest fixed
star, is a mere point, and were the orbit a solid mass of
opaque matter, it could not be seen, with such eyes as ours,
from such a distance. This is known by the fact,-that these
stars appear no larger to us, even when our sight is assisted
by the best telescopes, when the earth is in that part of her
orbit nearest them, than when at the greatest distance, or the
opposite part of her orbit. The approach, therefore, of 190
millions, of miles towards the fixed stars, is so small a part of
their whole distance from us, that it makes no perceptible
difference in their appearance. Now if the earth does not turn
on her axis once in 24 hours, these fixed stars must revolve
around the earth at this amazing distance once in 24 hours.
If the sun passes around the earth, in 24 hours, he must travel
at the rate of uearly 400,000 miles in a minute ; but the fixed
stars are at least 400,000 times as far beyond the sun, as the
sun is from us, and therefore, if they revolve around the earth,
must go at the rate of 400,000 times 400,000 miles, that is, at
the rate of 160,000,000,000,000, or 160 billions of miles in
a minute ; a velocity of which we can have no more concep-
tion, than of infinity, or eternity.

In respect to the analogy to be drawn from the known re-
volutions of the other planets, and the different lengths of days
and nights among them, it is sufficient to state, that to the
inhabitants of Jupiter, the heavens appear to make a revolu-
tion in about 10 hours, while to those of Venus, they appear
to revolve once in 23 hours, and to the inhabitants of the
other planets a similar difference seems to take place, de-
pending on the periods of their diurnal revolutions. Now
there }s no more reason to suppose that the heavens revolve

Were the earth’s orbit a solid mass, could it be seen by us, at the dis-
tance of the fixed stars? Suppose the earth stood still, how fast must
the sun move to go round it in 24 hours? "At what rate must the fixed
stars move to go round the earth in 24 hours? If the heavens appear
. to revolve every 10 hours at Jupiter, and every 24 hours at the earth,
how can this difference be accounted for, if they revolve at all? Is-
there any more reason to believe that the san revolves round the earth,

“an round any of the other planets?

4. .
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round us, than there is to suppose that they revolve round
any of the other planets, since the same apparent revolution
is common to them all, and as we know that the other planets,
at least many of them, turn on their axes, and as all the phe-
nomena presented by the earth, can be accounted for by such
a revolution, it is folly to conclude otherwise.

Circles and Divisions of the Earth.

It will be necessary for the pupil to retain in his memory
the names and directions of the following lines, or circles, by
which the earth'is divided into parts. These lines, it must .
be understood, are entirely imaginary, there being no such -

divisions marked by nature on the earth’s surface. They are " .

however, so necessary, that no accurate description of the
earth, or of its position with respect to the heavenly bodies,

can be conveyet%‘ i:ligz.ut them. The earth, whose dia-

A meter is 7912 miles, is

E F . represented by the
globe,orsphere, fig.194.
A The straight line pass-
ing through its centre,
I K and about which it
turns, is called its azis,
- and the two extremities
C D of the axis are the poles
\/ of the earth, A being

: e the north pole, and B
L the south pole., The
line C D, crossing the
. axis, passes quite ronnd
& oy the earth, and divides

1B it into two equal parts.

This is called the equinoctial line, or the equatsr.~ That part
of the earth, situated north of this line, is called the northern
hemisphere, and that part south of it, the southern hemisphere.
The small circles E F, and G H, surrounding, or including
the poles, are called the polar circles. 'That surrounding the -
north pole is cal]etj the arctic circle, and that surrounding the

How can all the phenomena of the heavens be accounted for, if they
do not revolve? What is the axis of the earth? What are the poles
of the earth? What is the equator? Where the northern and southern
hemispheres? What ;rg’the polar circles?
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south, the antarctic circle. Between these circles, there is,
on each side of the equator another circle, which marks the
extent of the tropics towards the north and south, from the
equator. That to the north of the equator, I K, is called the
tropic of Cancer,and that to the south, L M, the tropic of
Capricorn. The circle L K, extending obliquely across the
two tropics, and crossing the axis of the earth, and the equa-
tor at their point of intersection, is called the ecliptic. This
circle, as already explained, belongs rather to the heavens
than the earth, being an imaginary extension of the plane of
the earth’s orbit, in every direction towards the stars. The
line in the figure, shows the comparative position, or direction
of the ecliptic in respect to the equator, and the axis of the
earth.

The lines crossing those already described, and meeting at
the poles of the earth, are called meridian lines, or mid-day
lines, for when the sun is on the meridian of a place, it is
the middle of the day at that place, and as these lines extend
from north to south, the sun shines on the whole length-of
each, at the same time, so that it is 12 o’clock, at the same
time, on every place situated on the same meridian.

The spaces on the earth, between the lines extending from
east to west are called zones. That which lies between the
tropics, from M to K, and from I to L, is called the torrid zone,
because it comprehends the hottest portion of the earth, The
spaces which extend from the tropics, north and south to the
polar circles, are called temperate zones, because the climates
are ‘tethperate, and neither scorched with the heat, like the
tropics, nor chilled with the cold, like the frigid zones. That
lying north of the tropic of Cancer, is called the north tempe-
rale zone, and that south of the tropic of Capricorn, the soutk
temperate zone. The spaces included within the polar cir-
cles, are called the frigid zones. The lines which divide the
globe into two equal parts, are called the great circles: these
are the ecliptic and the equator. Those dividing the earth
into smaller parts are called the lesser circles; these are the
lines dividing the tropics from the temperate zones, and the
temperate zones from the frigid zones, &c.

Which is the arctic, and which the antarctic circle? Where is the
tropic of Cancer, and where the tropic of Capricorn? - What is the
ecliptic’ What arée the meridian lines? On what part of the earth is
the torrid zone? Howare the north and south temperate zones bound-
ed? Where are the frigid zones ? Which are the great, and which
the lesser circles of the earth? :

L 4
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The ecliptic, A, we have already seen, is divided into 360
equal parts, called degrees. All circles, however large, or
small, are divided into degrees, minutes, and seconds, in the
same manner as the ecliptic.

The horizon is distinguished into the sensible and rational.
The sensible horizon is that portion of the surface of the
earth, which bounds our vision, or the circle around us, where
the sky seems to meet the earth. 'When the sun rises, he
appears above the sensible horizon, and when he sets, he sinks
below it. . The rational horizon is an imaginary line passing
through the centre of the earth, and dividing it into two equal

- parts.

The azis of the ecliptic is an imaginary line passing through
its centre and perpendicular to its plane. - The extremities of
this perpendicular line, are called the poles of the ecliptic.

If the ecliptic, or great plane of the earth’s orbit be con-
stdered on the horizon, or parallel with it, and the line of the
earth’s axis be inclined to the axis of this plane, or the axis of
the ecliptic, at an angle of 231 degrees, it will represent the-
relative positions of the -orbit, and the axis of the earth,
These positions are however, merely relative, for if the posi-
tion of the earth’s axis be represented perpendicular to the
equator, as A B, fig. 194, then the ecliptic will cross this line
obliquely, as in that figure. But when the earth’s orbit is
considered as having no inclination, its axis, of course, will
have an inclination to the axis of the ecliptic, of 23} degrees.

As the orbits.of all the other planets ate inclined to the
ecliptic, perhaps it is the most natural and convenient method
to consider this as a horizontal line, with the equator inclined
to it, instead of considering the equator as a horizontal line, -
as is sometimes done.’ .

The inclination of the earth’s axis to the axis of its orbit,
never varies, but always makes an angle with it of 23} de-
grees, as it moves round the sun. The axis of the earth is
therefore always parallel with itself, That is, if a line be
drawn through the centre of the earth, in the direction of its
axis, and extended north and south, beyond the earth’s diame-

How are circles divided? How is the sensible horizon distingunished
from the rational? What is the axis of the ecliptic? What are the
poles of the ecliptic? How many degrees is the axis of the earth in
clined to that of the ecliptic? What is said concerning the relative po-
sitions of the earth’s axis and the plane of th® eeliptic’ Are the orbits
of the other planets parallel to the earth’s orbit, or inclined to it> What
is meant by the earth’s axis being parallel to itself?
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ter, the line so produced will always be parallel to the same
line, or any number of lines, so drawn when the earth is in
different parts of its orbit. .

Suppose a rod to be fixed into the flat surface of a table, and
so inclined as to make an angle with a perpendicular from the
table of 3% degrees. Let this rod represent the axis of the
earth, and the surface of the table, the ecliptic. Now placeon
the table a lamp, and round the lamp hold a wire circle, three or
four feet in diameter, so that it shall be parallel with the plane
of the table, and as high above it as the flame of the lamp.
Having prefpared a small terrestrial globe, by passing a wire
through it for an axis, and letting it project a few inches each
way, for the poles, take hold of the north pole, and carry it
round the circle, with the poles constantly parallel to the rod
rising above the table. .The rod being inclined 23} degrees
from a perpendicular, the poles and axis will be inclined in
the same degree, and thus the axis of the earth will be inclined
to that of the ecliptic every where in the same degree, and
lines drawn in the direction of the earth’s axis, will be parallel
to each other in any part of its orbit.

Fig. 195. '

This will be understood by fig. 195, where it will be seen,

How does it appear, bﬁﬁg. 195, that the axis of the earth is parallel
to itself, in all parts of it® orbit? How are the annual and diurnal re-
“utions of the earth illustrated by fig. 195?
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that the poles of the earth, in the several positionsof A, B, C,
and D, being equally inclined, are parallel to each other.
Supposing the lamp to represent the sun,-and the wire circle
the earth’s orbit, the actual position of the earth during its
annual revolution around the sun, will be comprehended ; and
if the globe be turned on its axis, while passing round the
lamp, the diurnal of daily revolution of the earth will also be
represented. ’

Day and Night.

Were the direction of- the earth’s axis perpendicular to the
plane of its orbit, the days and nights would be of equal length
all the year, for then just one half of the earth, from pole to
pole would be enlightened, and at the same time the other
helf would be in darkness,

Fig. 196.

Suppose the line s o, fig. 196, from the sun to the earth, to
be in the plane of the earth’s orbit, and that n s, is the axis of
the earth perpendicular to it, then it is obvious, that. exactly
the same points on the earth would constantly pass through
the alternate vicissitudes of day and night ; for all who live on
the meridian line between n and s, which line crosses the
equator at 0, would see the sun at the same time, and conse-
quently, as the earth revolves, would passinto the dark hemi-
sphere at the same time. Hence in all parts of the globe, the

s

-days and nights would be of equal length, at any given place.

Now it is the inclination of the earth’s axis, as above de-
soribed, which causes the lengths of the days and nights to
differ at the same place at different seasons of the year, for on
reviewing the position of the globe at A, fig. 195, it will be
observed, that the line formed by the enlightened, and dark

Explain by fig. 196, why the days and nights would every where be
equal, were the axis of the earth pexpendicu%a.r to the plane of his orbit.
What is the cause of the unequal lengths of the days and nights in dif-
ferent parts of the world ?
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hemispheres, does not coincide with the line of the axis and
poles, as in fig. 196, but that the line formed by the darkness
and the light, extends obliquely across the line of the earth’s
aXis, so that the north pole is in the light, while the south is in
the dark. In the position A, therefore, an observer at-the
north pole would see the sun constantly, while another at the
south pole, would not see it at all. Hence those living in the
north temperate zone, at the season of the year, when the
éarth is at A, or in the summer, would have long days and
short nights, in proportion as they approached the polar circle;
while those wha live in the south temperate zone, at the same
time, and when it would be winter there, would have long
nights and short days in the same proportion.

Seasans of the year.

The vicissitudes of the seasons are caused by the annual
revolution of the earth around the sun, together with the in-
clination of its axis to the plane of its orbit.

Tt has already been explained, that the ecliptic is the plane
of the earth’s orbit, and is supposed to-be placed on a level
with the earth’s horizon, and hence, that this plane is con-
sidered the standard, by which the inclination of the lines
crossing the earth, and the obliquity of the orbits of the other
planets are to be estimated,

T'he equinoctial line, or the great circle passing round the
middle of the earth, is inclined to the ecliptic, as well as the
line of the earth’s axis, and hence in passing round the sun,

Fig.197. . the equinoctial line
€ intersects, or crosses
the ecliptic, in two
- places, opposite to

each other. .
' Suppose a b, fig.
e — \ 197, to be the eclip-
a » tic, e f, the equator,
| [ T—_] b and cf;l, the earth’s
77  axis. The ecliptic,
and equator, are sup-
posed to be seen
edgewise, sq as to
appear. like lines

What are thie causes which produce the seasons of the year? In
what position is the equator, with respect to the ecliptic?

[
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instead of circles. Now it will be obvious by the figure, that
the inclination.of the equator to the ecliptic, (or the sun’s ap~
parent annual path through the heavens,) will cause these
lines, namely, the line of the equator and the line of the eclip-
tic, to cut, or cross each other, as the sun makes his appa-
rent annual revolution, and that this intersection will happen
twice in the year, when the earth is1in the two opposite points
of her orbit. e

These periods are on the 20th of March, and the 20th of
September, in each year, and the points-at which the-sen is
seen at these times, are called the equinoctial points. - That
which happens in September is called the autumnal equninox,
and that which happens in March, the vernal equinox. At
these seasons, the sun rises at 6 o’clock, and sets at 6 o*clock,
and the days and nights are equal, in length, in every part of
the globe.

-The solstices are the points where the ecliptic and the
equator are at the greatest distance from each other. The
earth, in its yearly revolution, passes through each of these
points. One is called the summer, and the other the winter
solstice. 'Thesun is said to enter the summer solstice, on the
2lst of June, and at this time, in our hemisphere, the days
are longest, and the nights shortest. _On the 21st of Decem-
ber, he enters his winter solstice, when the length of the days
and nights are reversed, from what they were in June before,
the days being shortest and the nights longest. .

Having learned these explanations, the student wili be able
to understand in what order the seasons succeed each other,
and the reason why such changes are the effect of the earth’s
revolution. :

Suppdse the earth, fig. 198, to be in her summer solstice,
which takes place-on the 21st of June. At this period she
will be at a, having her north pole, n, 80 inclined towatds the
sun, that the whole arctic circle will be illuminated, and con-
sequently the sun’s rays will extend 233} degrees, the breadth
of the polar circles, beyond the north pole. The diurnal revo-

At what times in the year do the line of the ecliptic and that of the
equinox intersect each other? What are these points of intersection
called? Which is the autumnal and which the vernal equinox? At
what timg does the sun rise and set, when he is in the equinoxes? What
are the sulstices? When the sun enters the summer solstice, what is
said of the length of tle days and nights? When does the sun enter the
winter solstice, and what then is the proportion between the length of -

the daysand nights?,



lution, therefore, when the.earth is at @, causes ne succession
of day and night, at the pole, since the whole frigid 2g%ie is
within reach of his rays. The people, who live within the
arctic circle, will consequently, at this time, enjoy perpetual
day. During this period, just the same proportion of the
earth that is enlightened in the northern hemisphere, will be
in total darkness, in the opposite region of the southern hemi-
sphere ; so that while the people of the north are blessed with
perpetual day, those of the south are groping in perpetual
night. Those who live near the arttic circle, in the north
temperate zone, will, during the winter, come, for a few hours,
within the region of night, by the earth’s diurnal revolution ;
and the greater the distance from the circle, the longer will
be their nights, and the shorter their days. Hence, at this
season, the days will be longer than the nights every where
between the equator and the arctic circle. At the equator,
the days and nights will be equal, and between the equator -
and the'south polar circle, the nights will be longer than the
dayd; in the same proportion as the days are longer than the
nights, from the equator to the arctic circle.

At what season of the year is the whole arctic circle illuminated ? At
what season ig the whole antarctic circle in thedark? While the peo-
ple near the north pole enjoy perpetual day, what is the situation of
those near the south pole? At what season, will the days be longer
than the nights every where between the equator and the arctic circle ?
" At whatseason will the nights be longer than the days in the southern -

hemisphere? - -
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As the earth moves round the sun, the line which divides
the darkness, and the light, gradually approaches the poles,
till having performed one quarter of her yearly journey from
the point a, she comes to b, about the 21st of September. At
this time, the boundary of light and darkness passes through

* both poles, dividing the earth equally from north to south ;
and thus in every part of the world, the days and nights are of
equal length, the sun being 12 hours alternately above and
below the horizon. In this position of the earth, the sun is
said to be in the autumnal equinoz.

In the progress of the earth from b to ¢, the light of the sun
gradually reaches a little more of the antarctic circle. The
days, therefore, in the northern hemisphere, grow shorter at
every diurnal revolution, until the 21st of December, when
the whole, arctic circle is involved in total darkness. And
now, the same places which enjoyed constant day in the June
before, are involved in perpetual night. At this time, the
sun, to those who live in the northern hemisphere, is said to
be imr bis winter solstice; and then the winter nights are just
as Jong as were the summer days, and the winter days as long
as the summer nights. ’

When the earth has gone another quarter of her annual
journey, apd has come to the point of her orbit opposite to’
where she was on the 21st of September, which happens on
the 21st of March, the line dividing the light from the dark-
ness again passes through both poles. In this position of the
earth, with respect to the sun, the days and nights are again
equal all over the world, and the sun is said to be in his verna/
equinox.

From the vernal equinox, as the earth advances, the north~
ern heinisphere enjoys more and more light, while the southern
falls into the region of darkness, in proportion, so that the
days north of the equator increase in length, until the 21st of
June, at which time, the sun is again longest above the hori-
zon, and the shortest time below it.

Thus the apparent motion of the sun, from east to west, is
caused by the real motion of the earth from west to east. If

" When will the days and nights be equal in all parts of the earth ?
At what season of the year is the whole arctic circle involyed in dark-
ness? When are the days and nights equal all overthe world 7 When
is the sun in the vernal equinox? What is the cause of the apparent
motion of the sun from east to west? What is the apparent path of the
sun, but the real path of the earth ?

« 21

o
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the earth is in any point of its orbit, the sun will always seem
in the opposite point in the heavens. When the earth moves
one degree to the west, the sun seems to move the same dis-
tance to the east; and when the earth has completed one re-

volution in its orbit, the sun appears to have completed a re-

volution through the heavens. Hence, it follows, that the

ecliptic, or the apparent path of the sun through the heavens,

is the real path of the earth around the sun.

" It will be observed by a careful perusal of the above expla-

nation of the seasons, and a close inspection of the figure by

which it is illustrated, that the sun constantly shines on a

portion of the earth equal to 90 degrees north, and 90 degrees

south from his place in the heavens, and consequently, that

he always enlightens 180 degrees, or one half of the earth.

If, therefore, the axis of the earth were perpendicular to the

plane of its orbit, the days and nights would every where be

equal, for as the earth performs its diurnal revolutions, there

would be 12 hours day and 12 hours night. But since the

inclination of its axis is 23] degrees, the light of the sun is

thrown 231 degrees beyond the north pole ; that is, it enlight-

ens the earth 23} degrees further in that direction, when the

north pole is turned towards the sun, than it would, bad the

earth’s axis no inclination. Now, as the sun’s light reaches

only 90 degrees north or south of his place in the heavens, so

when the arctic circle is enlightened, the antarctic circle *
must be in the dark; for if the light reaches 23} degrees be-

yond the north pole, it must fall 23} degrees short of the

south pole.

As the earth travels round the sun, in his yearly circuit,
this inclination of the poles, is alternately towards, and from
bhim. During ‘eur wiriter, the north polar region is throwa
beyond the rays of the sun, while a corresponding portion
around the south pole enjoys the sun’s light. And thus at
the poles there are alternately six months of darkness and win-
ter, and six months of sunshine and summer. ‘While we, in
the northern hemisphere, are chilled by the cold blasts of
winter, the inhabitants of the southern hemisphere are enjoy-
ing all the delights of summer ; and while we are scorched

Had the earth’s axis no inclination, why would the days and nights
always be equal? How many degrees does the sun’s light reach, north
and south of him, on the earth ? Duriug our winter, is the north pole
turned to, or from the sun? At the poles, how many days and nights
are there in the year? When it is winter in the northern hemisphere,
what iv the season in the southern hemisphere ?
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by the rays of a vertical sun in June and July, our southern -
neighbours are shivering with the rigaurs of mid-winter.

At the equator, no such,changes take place. The rays of
the sun, as the earth passes dround him, are vertical twice a
year at every place between the tropics. Hence at the equa-
tor, there are two summers and no winter, and as the sun
there constantly shines on the same half of the earth in suc-
cession, the days and nights are always equal, there being 12
hours of light, and 12 of darkness. :

Motion of the Earth. 'The motion of the earth round the
sun, is at the rate of 63,000 miles in an hour, while its motion
on its own axis, at the equator, is at the rate of about 1042
miles in the hour. The equator, being that part of the earth
most distant from its axis, the motion there, is more rapid
than towards the poles, in proportion to its greater distance
from the axis of motion.

The method of ascertaining the velocity of the earth’s mo-
tion, both in its orbit and round its axis, is simple, and easily -
understood ; for, by knowing the diameter of the earth’s or-
bit, its circumference is readily found, and as we know how
long it takes the earth to perform her yearly circuit, we have
only to calculate what part of her journey she gaes through in
an hour. By the same principle, the hourly rotation of the
earth is as readily ascertained.

We are insensible of these motions, because not only the
earth, but the atmosphere, and all terrestrial things, partake of
the same motion, and there is no change in the relation of
objects, in consequence of it. If we look out at the window
of a steam-boat, when it is in motion, the boat will seem to
stand still, while the trees and rocks on the shore appear to
pass rapidly by us. This deception arises from our not hav-
ing any object with which to compare this motion, when shut
up in the boat ; for then every object keeps the same relative
position. And so, in respect to the motion of the earth, having
nothing with which to compare its movement, except the hea-
venly bodies, when the earth moves in one direction, these

- objects appear to move in the contrary direction.

Causes of the Heat and Cold of the Seasons.
We have seen that the earth revolves round the sun in an
At what rate does the earth move around the san? How fast does it

move around its axis at the equator? How is the velocity of the eaith
aspertained 2 Why are we insensible of the earth’s motion?
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elliptical orbit, of which the sun is one of the foci, and conse-
quently, that the earth is nearer him, in one part of her orbit
than in another. From the great difference we experience
between the heat of summer and that of winter, we should be
led to suppose that the earth must be much nearer the sun in
the hot season than in the cold. But when we come to in-
quire into this subject, and to ascertain the distance of the
sun at different seasons of the year, we find that the great
source of heat and light, is nearest us during the cold of win-
ter, and at the greatest distance during the heat of summer.
It has been explained, under the article optics, that the
angle of vision depends on the distance at which a bedy of
iven dimensions is seen. Now on measuring the angular
imension of the sun, with accurate instruments, at different
seasons of the year, it has been found that his dimensions
increase and diminish, and that these variations correspond
exactly with the supposition, that the earth moves in an ellip-
tical orbit. If, for instance, his apparent diameter be taken
in March, and then again in July, it will be found to have
diminished, which diminution is only to be accounted for, by
supposing that he is at a greater distance from the observer in
July than in March. From July, his angular diameter gra-
dually increases, till January, when it again diminishes, and
continues to diminish, until July. By many observations, it
is found, that the greatest apparent diameter of the sun, and
therefore his least distance from us, is in January, and his
least diameter, and therefore his greatest distance, is in July.
The actual difference is about three millions of miles, the
sum being that distance further from the earth in July than in
January. This, however, is only about one sixtieth of his
mean distance from us, and the difference we should experi-
ence in his heat, in consequence of this difference of distance,
will therefore be very small. Perhaps the effect of his proxi-
mity to the earth, may diminish, in some small degree, the
severity of winter.
The heat of summer, and the cold of winter, must therefore

At what season of the year is the sun at the greatest, and at what
season the least distance, from the earth? How 1s it ascertained that
the earth moves in an elliptical orbit, by the appearance of the sun ?
When does the sun appear under the greatest apparent diameter, and
when under the least? How much farther is the sun from us in July,
than in January? What effect does this difference produce on the
;urt,h? How is the heat of summer, and the cold of winter accounted
or ?
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arise from ‘the difference in the meridian altitudes of the sun,
and in the time of his continuance above the horizon. In
summer, the solar rays fall on the earth, in nearly a perpen-
dicular direction, and his powerful heat is then constantly
accumulated by the long days and short nights of the season.
In the winter, on the contrary, the solar rays fall so obliquely
on the earth, as to produce little warmth, and the small effect
they do produce during the short days of that season, is almost .
entirely destroyed by the long nights which succeed. The
difference between the effects of perpendicular and oblique
rays, seems to depend, in a great measure, on the different
extent of surface over which they are spread. When the rays
of the sun are made to pass through a convex lens, the heat
is increased, because the number of rays which naturally

covered a large surface, are then made to cover a smaller one, .

so that the power of the glass depends on the number of rays
thus brought to a focus. If, on the contray, the rays of the
sun are suffered to pass through a concave lens, their natural
heating power is diminished, because they are dispersed, or
spread over a wider surface than before.

Now, to apply these different effects to the summer and
winter rays of the sun, let us suppose that the rays falling
perpendicularly on a given extent of surface, impart to it a

Fig. 199. certain degree of heat,
: then it is obvious, that
if the same number of
rays be spread over
twice that extent of sur-
face, their heating pow-
er would be diminished
in proportion, and that
only half the heat would
be imparted. This is
the effect produced by
the sun’s rays in the
_ winter. They fall so
obliquely on the earth,
as to occupy nearly dou-
ble the space that the
same number of rays do in the summer.

Why do the perpendicular rays of summer produce greater effects
than the oblique rays of winter? How 1s this illustrated by the convex
and concave lenses? How is the actual difference of the summer and
winter rays shewn ?

21*

-
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This is illustrated by fig. 199, where the number of rays,
both in winter and summer, are supposed to be the same.
But it will be observed, that the winter rays, owing to their
oblique direction, are spread over nearly twice as much sur-
-face as those of summer.

It may, however, be remarked, that the hottest season i3
not usually at the exact time of the year, when the sun is most
vertical, and the days the longest, as is the case towards the
end of June, but some time afterwards, as in July and August.

To account for this, it must be remembered, that when the
sun is nearly vertical, the earth accumulates more heat by day
than it gives out at night, and that this accumulation con-
tinues to increase after the days begin to shorten, and conse-
quently, the greatest elevation of temperature is some time
after the longest days. For the same reason, the thermome-
ter generally indicates the greatest degree of heat at two, or
three o'clock on each day, and not at 12 o’clock, when the
sun’s rays are most powerful.

) Figure of the Earth,

Astronomers have proved that all the planets, together with
their satellites, have the shape of the sphere or globe, and
hence, by analogy, there was every reason to suppose, that
the earth would be found of the same shape ; and several
phenomena tend to prove, beyond all doubt, that this is ite
shape. The figure of the earth is not, however, exactly that
of a globe, or bafl, because its diameter is about 34 miles less,
from pole to pole, than it is at the equator. But that its gene-
ral figure is that of a sphere, or ball, is proved by many cir-
cumstances. i

When one is at sea, or standing on the sea shore, the firat
part of a ship seen at a distance,_is its mast. As the vessel
advances, the mast rises higher and higher above the horizon,
and finally the hull, and whole ship become visible. Now,
were the earth’s surface an exact plane, no such appearance
-would take place, for we should then see the hull long before
the mast, or rigging, because it is much the largest abject.

Why is not the hottest season of the year at the period when the
days are longest, and the sun most vertical? What is the general
of the earth 2 How much less is the diameter of the earth at the poles,
than at the equator? How is the convexity of the earth proved, by the
approach of a ship at sea?
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Fig. 200.

a

It will be obvious, by fig. 200, that were the ship a, eleva-
ted, so that the hull should be on a horizontal line with the
eye, the whole ship would be visible, instead of the topmast,
there being no reason, except the convexity of the earth, why
the whole ship should not be visible at a, as well as at 3.

We know, for the same reason, that in passing over a hill,
the tops of the trees are seen, before we can discover the
ground on which they stand ; and that when a man approach-
es us from the opposite side of a hill, his head is seen before
his feet. )

It is a well known fact, also, that navigators have set out
from a particular port, and by sailing continually westward,
have passed around the earth, and again'reached the port
from which they sailed. This could never happen, were the
earth an extended plain, since then the longer the navigator
sailed in one direction, the further he would be from home.

Another proof of the spheroidal form of the earth, is the
figure of its shadow on the moon, during eclipses, which sha-
dow is always bounded by a circular line.

These circumstances prove beyond all doubt, that the form
of the earth is globular, but that it is not an exact sphere, and
that it is depressed, or flattened at the poles, is shown by the
difference in the lengths of pendulums vibrating seconds at
the poles and at the equator.

Under the article pendulum, it was shown, that its vibrations
depend on the attraction of gravity, and that as the centre of
the earth is the centre of this attraction, so the nearer this in-
strumeht is carried to this point, the stronger will be the at-
traction, and consequently the more frequent its vibrations.

From a great number of experiments, it has been found,

Explain fig, 200. What other proofs of the globular shape of the
earth are mentioned ? How is it proved by the vibrations of the pendu-
lum, that the earth is flattened at the poles?



——— ——

244 FIGURE OF THE EARTH.

that a pendulum, which vibrates seconds at the equator, has
its number of vibrations increased, when it is carried towards
the poles, and as its number of vibrations depends upon its
length, a clock which keeps accurate time at the equator, must
have its pendulum lengthened at the poles. And so on the
contrary, a clock going correctly at or near the poles, must
have its pendulum shortened at the equator. Hence the force
of gravity is greatest at the poles, and least at the equator.
Fig. 201. The manner in which the
n figure of the earth differs from
that of a sphere, is represented
by fig. 201, where n is the
north pole, and s the south
pole, the line from one of these
points to the other, the axis of
theearth, and the line crossing
this the equator. 1t will be
seen, by this figure, that the
surface of the earth, at the
poles, is nearer its centre, than
5 the surface at the equator.
The actual difference between
the polar and equatorial diameters is in the proportion of 300
10301. The earth is therefore called an oblate spheroid, the
word oblate signifying the reverse of oblong, or shorter in one
direction than in another.

The compression of the earth at the poles, and the conse-
quent accumulation of matter at the equator, is probably the
effect of its diurnal revolution, while it was in a soft, or plastic
state. If a ball of soft clay, or putty, be made to revolve
rapidly, by means of a stick passed through its centre, as an
axis, it will swell out in the middle, or equator, and be de-
ﬂfe-“ed at the poles, assuming the precise figure of the earth.

his figure is thé natural and obvious consequence of the
centrifugal force, which operates to throw the matter off, in
proportion to its distance from the axis of motion, and the
rapidity with which the ball is made to revolve. The parts
about the equator would therefore tend to fly off, and leave

In what proportion is the polar, less than the equatorial diameter ?
What is the earth called, in reference to this figure? How is it sup-
posed that it came to have this form? How is the form of the earth
illustrated by experiment? Explain the. reason why a plastic ball will
swell at the equator, when made to revolve.
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the other parts, in consequence of the centrifugal force, while
those about the poles, being near the centre of motion, would
receive a much sialler impulse. Consequently the ball
would swell, or bulge out at the equator, which would produce
a correspondmg depression at the poles.

The weight of a body at the poles is found to be greater
than at-the equator, not only because the poles are nearer
the centre of the earth than the equator, but because the cen-
trifugal force there tends to lessen its gravity. The wheels
of machines, which revolve with the greatest rapidity, are
wnade in the strongest manner, otherwise they will fly in pie-
ces, the centrifugal force not only overcoming the granty, but
the cohesion of their parts.

It has been found, by calculation, that if the earth turned
over once in 84 minutes and 43 seconds, the centrifugal force
at the equator would be equal to the power of gravity there,
and that bodies would entirely lose their weight. If the
earth revolved more rapidly than this, all the buildings, rocks,
mountains, and men, at the equator, would not only lose their
weight, but would fly away, and leave the earth.

Solar and Siderial Time.

The stars appear to go round the earth in 28 hours, 56
minutes, and 4 seconds, while the sun appears to perform the
same revolution in 24 hours, so that the stars gain 3 minutes
and 56 seconds upon the sun every day. In a year, this
amounts to a day, or to the time taken by the earth to per-
form one diurnal revolution. 1t therefore happens, that when
time is measured by the stars, there are 366 days in the year,
or 366 diurnal revolutions of the earth, while, if measured
by the sun from one meridian to another, there are only 365
whole days in the year. The former are called the siderial,
and the latter the solar days.

To account for this difference, we must consider that the
earth, while she performs her dmly revolutions, is constantly
advancmg in her orbit, and that, therefore, at 12 o’clock to-
day, she is not preclsely at the same place in respect to the

What two causes render the weights of bodies less at the equator than
at the poles? What would be the consequence on the weights of bo-
dies at the equator, did the earth turn over once in 84 minutes and 43
seconds? The stars appear to move round the earth in less time than
the sun, what does the difference amount to in a year? What is the
year menured by a star called? What is that measured by the sun
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sun, that she 'was at 12 o’clock yesterday, or will be to-mor-
row. But the fixed stars are at such an amazing distance
from us, that the earth’s orbit, in respect to them, is but a
point ; and therefore, as the earth’s diurnal motion is perfectly
uniform, she revolves from any given star to the same star
again, in exactly the same period of absolute time. The orbit
of the earth, were it a solid mass, instead of an imaginary
circle, would have no appreciable length or breadth, when
seen from a fixed star, and therefore, whether the earth per-
formed her diurnal revolutions at a particular station, or while
passing round in her orbit, would make no appreciable differ-
ence with respect to the star. Hence the same star, at every
complete daily revolution of the earth, appears precisely in
the same direction at all seasons of the year. The moon, for
instance, would appear at exactly the same point, to a person
who walks round a circle of a hundred yards in diameter,
and for the same reason a star appears in the same direction
from all parts of the earth’s orbit, though 190 millions of miles
in diameter.

1f the earth had only a diurnal motion, her revolution, in
respect to the sun, would coincide exactly with the same
revolution in respect to the stars, but while she is making one
revolution on her axis towards the east, she advances in the
same direction about one degree in her orbit, so that to bring
the same meridian towards the sun, she must make a little
more than one entire revolution.

Fig. 202.

How is the difference in time between the solar, and siderial year ac-
counted for? The earth’s orbit is but a point, in reference to a star;
how is this illustratod ?

’
\
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To make this plain, suppose the sun, s, fig. 202, to be ex:
actly on a meridian line, marked at ¢, on the earth 4, on a
given day. On the next day, the earth, instead of being at 4,
as on the day before, advances in its orbit to B, and in the
mean time having completed her revolution, in respect to a
star, the same meridian line is not brought under the sun, as
on the day before, but falls short of it as at e, so that the earth
has to perform more than a revolution, by the distance from e
to o, in order to bring the same meridian again under the sun.
So on the next day, when the earth is at C, she must again
complete more than two revolutions, since, leaving A4, by the
space from e to o, before it will again be noon at e.

Thus, it is obvious, that the earth must complete one revos
lution, and a portion of a second revolution, equal to the space
she has advanced in her orbit, in order to bring the same me-
ridian back again to thesun. Thissmall portion of a second
revolution amounts daily to the 365th part of her circumfer-
ence, and therefore, at the end of the year, to one entire rota-
tion, and hence in 365 days, the earth actually turns on her
axis 366 times. Thus, as one complete rotation forms a si-
derial day, there must, in the year, be one siderial,-more than
there are solar days, one rotation of the earth, with respect to
the sun being lost, by the earth’s yearly revolution. The same
loss of a day, happens to a traveller, who, in passing round the
earth towards the west, reckoas his time by the rising and
setting of the sun. If he passes around towards the east, he
will gain a day for the same reason.

Equation of Time.

A3 the motion of the earth about its axis is perfectly uni-
form, the siderial days, as we have already seen, are exactly of
the same length, in all parts of the year. But as the orbit of
the earth, or the apparent path of the sun, is inclined to the
earth’s axis, and as the earth moves with different velocities
in different parts of its orbit, the solar, or natural days, are
sometimes greater and sometimes less than 24 hours, as shown

Had the earth only a diurnal revolution, would the siderial and solar
time agree? Show’l:g fig. 202, how siderial, differs from solar time,
‘Why does not the earth turn the same meridian to the sun at the same
time every day ? How many times does the earth turn on her axis ina

ear? Why does she turn more times than there are days in the year?
%V hy are the solar days sometimes greater, and sometimes less than 24
hours?
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by an accurate clock. The consequence is, that a true sun
dial, or noon mark, and a true time piece, agree with each
other, only a few times in a year. The difference between the
sun dial and clock, thus shown, is called the equation of time.
The difference between the sun and a well regulated clock,
thus arises from two causes, the inclination of the earth’saxis
to the ecliptic, and the elliptical form of the earth’s orbit.
That the earth moves in an ellipse, and that its motion is
more rapid sometimes than at others, as well as that the earth's
axis is inclined to the ecliptic, have already been explained,
and illustrated. It remains, therefore, to show how these
two combined causes, the elliptical form of the orbit, and the
inclination of the axis, produce the disagreement between the
sun and clock. In thisexplanation, we must consider the sun
as moving around the ecliptic, while the earth revolves on her
axis,
Equal, or mean time, is that which is reckoned by a clock,
supposed to indicate exactly 24 hours, from 12 o’clock, on
one day, to 12 o’clock on the next day. Apparent time, is
that, which is measured by the apparent motion of the sun in
the heavens, as indicated by a meridian line, or sun dial.
Were the earth’s orbit a perfect circle, and her axis per-
pendicular to the plane of this orbit, the days would be of
uniform length, and there would be no difference between the
clock and the sun; both would indicate 12 o’clock at the
same time, on every day in the year. But on account of the
inclination of the earth’s axis to the ecliptic, unequal portions
of the sun's apparent path through the heavens will pass any
meridian in equal times. This may be readily explained to
the pupil, by means of an artificial globe, but perhaps will be
understood by the following diagram.

‘What is the difference between the time of the sun dial, and a elock
called? What are the causes of the difference between_the sun and
clock? In explaining equation of time, what motion is considered as
belonging to the sun, and what motion to the earth? What is equal,
or mean time 7 'What is apparent time?
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Fig. 203. Let AN B S, fig.
203, be the concave
X - of the heavens, in the

centre of which is
the earth. Let the
line A B, be the

¢ equator, extending

= . through the earth

b < 3 and the heavens, and

let A,a,b C, ¢, and

" Ak 3 H 25 ®B d, be the ecliptic, or

the apparent path of
g , the sua through the
heavens.  Also, let
£ 4,1, 2, 2,4,5, be
. equal distances on
theequator,and 4,a,
b, C, ¢ and d, equal
S portions of the eclip-
tio, corresponding with 4 1,2,3, 4, and 5. Now we will sup-
pose, that there are two suns, namely, a false, and a real one ;
that the false one passes through the ¢elestial equator, which
is only an extension of the earth’s equator to the heavens;
while the real sun has an apparent revolution through the
ecliptic ; and that they both start from the point 4, at the
same instant. The false sun is supposed to pass through the
celestial equator in the same time, that the real one passes
through the ecliptic, but not through the same meridians
at the same time, so that the false sun arrives at the points
1, 2, 3, 4, and 5, at the time when the real sun arrives at
the points a, b, C, and ¢. When the two'suns were at A,
the starting point, they were both on the same meridian,
but when the fictitious sun comes to 1, and the real sun -
to a, they are not in the same meridian, but the real sun
is westward of the fictitious one, the real san being at.
a, while the false sun is on the meridian 1, consequeantly,
as the earth tarns on its axis from west to east, any

In fig. 203, which-is the celestial equator, and which the ecliptic ?
Through which of these circles does the false, ard through which does
the true sun pass? When the real sun arrives to e, and the false one to
1, are they both on the same meridian? Which is then most westward?
‘When the two suns are at 1, and a, why will any meridian come first
under the real sun? Were the true sun in place of the false onse, why
would the sun and cloe;2 agree ?
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particular place will come under the real sun’s meridian,
sooner than under the fictitious sun’s meridian ; thatis, it
will be 12 o’clock by the true sun, before it is 12 o’clock by
the false sun, or by a true clock ; but were the true sun in
place of the false one, the sun and clock would agree. While
the true sun is passing_through that quarter of his orbit, from
A to C, and the fictitious sun from 1 to 3, it will always be
noon by the true sun before it is noon by the false sun, and
during this period, the sun will be faster than the clock.

When the true sun arrives at C, and the false one at 3, they
are both on the same meridian, and the sun and clock agree.
But while the real sun is passing from C to B, any meridian
comes later under the true sun than it does under the false,
and then it is noon by the sun after it is noon by the clock,
and the sun is then said to be slower than the clock. At B,
both suns are again on the same meridian, and then again the
sun and clock agree.

We have thus followed the real sun through one half of his
true apparent place in the heavens, and the false one through
half the celestial equator, and have seen that the two suns,
since leaving the point A, have been only twice on the same
meridian at the same time. It has been supposed that the two
suns passed through equal arcs, in equal times, the real sun
through the ecliptic, and.the false one through the equator.
The place of the false sun may be considered as representing
the place where the real sun would be, in case the earth’s axis
bad no inclination, and consequently it agreee with the clock
every 24 hours. But the true sun, as he passes round in the
ecliptic, comes to the same meridian, sometimes sooner, and
sometimes later, and in passing around the other half of the
ecliptic, or in the other half year, the same variations succeed
each other.

The two suns are supposed to depart from the point 4, on
the 20th of March, at which time the sun and clock coincide.
From this time, the sun is faster than the clock, until the two
suns come together at the point C, which is on the 21st of
June, when the sun and clock again agree. From this period
the sun is slower than the clock, until the 21st of September,

. 'While the suns are passing from 4 to C, and from 1 to 3, will the
‘sun be faster, or slower than the clock? When the two suns are at C,
and 3, why will the sun and clock ?  While the real sun is pass-
ing from B to C, which is fastest, clock, or sun? What does the
“placé of the false-sun represent, in fig. 203 ? -



TIME. 251

and faster again until the 21st of December, at which time

- they agree as before.

We have thus seen how the inclination of the earth’s axis,
and the consequent obliquity of the equator to the ecliptic,
causes the sun and clock to disagree, and on what days they
would coincide, provided no other cause interfered with their
agreement. But although the inclination of the earth’s axis
would bring the sun and clock together on the above men-
tioned days, yet this agreement is counteracted by another
cause, which is the elliptical -form of the earth’s orbit, and
though the sun and clock do agree four times in the year, it
is not on any of the days above mentioned.

It has been shown by fig. 193, that the earth moves more
rapidly in one part of its orbit than in another. When it is
nearest the sun, which is in the winter, its velocity is greater,
than when it is most remote from him, as in the summer.
Were the earth’s orbit a perfect circle, the sun and clock
would coincide on the days above specified, because then the
only disagreement would arise from the inclination of the
earth’s axis. But since the earth’s distance from the sun is
constantly changing, her rate of velocity also changes, and
she passes through unequal portions of her orbit in equal
times, Hence on some days, she passes through a greater
portion of it than on others, and thus this becomes another
cauee of the inequality of the sun’s apparent motion.

The elliptical form of the earth’s orbit would prevent the
coincidence of the sun and clock at all times, except when
the earth is at the greatest distance from the sun, which hap-
pens on the 1st of July, and when she is at the least distance
from him, which happenson the st of January. As the earth
moves faster in the winter than in the summer, from this
cause, the sun would be faster than the clock from the 1st of
July to the Ist of January, and then slower than the clock from
the 1st of January to the 1st of July.

We have now explained, separately, the two causes which
prevent the coincidence of the sun and clock. By the first
cause, which is the inclination of the earth’s axis, they would

The inclination of the earth’s axis would make the sun and clock
agree in March and the other months above named : why then do they
not actually agree at those times? Were the earth’s orbit a perfect
circle, on what days would the sun and clock agree? How does the
form of the earth’s orbit interfere with the agreement of the sun and
clock on those daye? At what times would the form of the earth’s or-
bit bring the sun and clock to agree?
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agree four times in the year, and by the second cause, the
irregularity of the earth’s motion, they would coincide only
twice in the year.

Now these two causes counteract the effects of each other,
so that the sun and clock do not coincide on any of the days,
when. either cause, taken singly, would make an agreement
between them. ‘I'he sun and dlock, therefore, are together,
only when the two causes balance each other; that is, when
one cause 80 counteracts the other, as to make a mutual
agreement between them. Thiseffect is produced four times
in the year ; namely, on the 15th of April, 15th of June, 3lst
of August, and 24th of December. On these days, the sun
and a clock keeping exact time, coincide, and on no others.
The greatest difference between the sun and clock, or between
apparent and mean time, is 16} minutes, which takes place
about the 1st of November. ’

Precession of the Equinozes.

A tropical year is the time it takes the sun to pass from
one equinox, or tropic, to the same tropic, or equinox again.

A siderial year is the time it takes the sun to perform his
apparent annual revolution, from a fixed stdr, to the same
fixed star again.

Now it has been found that these two complete revolutions
are not finished in exactly the same time, but that it takes the
sun about 20 minutes longer to complete his apparent revolu-
tion i respect to the star, than it does in respect to the equi-
noz, and hence the siderial year is about 20 minutes longer
than the tropical year. ‘T'he revolution of the earth from
equinox to equinox, again, therefore precedes its complete re-
volution in the ecliptic by about 20 minutes, for the absolute
revolution of the earth is measured by its return to the fixed
star, and not by the return of the sun to the same eqainoctial
point. This apparent falling back of the equinoctial point,
50 as to make the time when it meets the sun precede the time

The inclination of the earth’s 'axis would make the sun and clock
agree four times in the year, and the form of the earth’s orbit would
make them agree twice in the year, now show the reason why they do
not agree from these causes, on the above mentioned days, and why they
do agree on other days. On what days do the sun and clock agree?
What is a tropical year? Whatis a siderial year? What is the differ-
ence in the tiine which it takes the sun to complete his revolution in
respect to a star, and in respect to the equinox? Explain what is meant
by the precession of the eginoxes.
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when the earth makes its complete revolution in respeet to the
star, is called the precession of the equinozes.

The distance which the sun thus gains upon the fixed star,
or the difference between the sun and star, when the sun has
arrived at the equinoctial point, amounts to 50 seconds of a
degree, thus making the equinoctial point recede 50 seconds
of a degree (when measured by the signs of the zodiac,)
westward, every year, contrary to the sun’s annual progressive
motion in the ecliptic. :

Fig. 204.

To illustrate this by a figure, suppose s, fig. 204, to be the
sun, E the earth, and o a fixed star, all in a straight line with
respect to each other. Let it be supposed that this opposition
takes place on the 21st of March, at the vernal equinox, and
at that time the earth is exactly between the sun and the star,
Now when the earth has performed a complete revolution
around its orbit b, a, as measured by the star, she will'arrive
at precisely the same point where she now is. But it is found
that when the earth comes to the same equinoctial point, the
pext year,she has not gone her complete revolution in respect
to.the star; the equinoctial point having fallen back with
respect to the star, during the year, from E to ¢, %o that the
earth, after having completed her revolution, in respect to the

How many seconds of a degree does the equinox recede every year
when the sun’s place is compared with a star? How does fig, 204 il-
Justrate the precession of the equinoxea? Explain fig. 204, and show
from what points the equinoxes fall back from year to year. ‘

P A
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equinox, has yet to pass the space from ¢ to E, to complete
her revolution in respect to the star..

The space from ¢ to E being 50 seconds of a degree, and
the equinoctial point falling this space every year short of the
place where the sun and this point agreed the year before, it
is obvious, that on the next revolution of the earth, the equi-
nox will not be found at ¢, but at ¢, so that the earth, having
completed her second revolution in respect to the sun when at
1, will still have to pass from i to E, before she completes an-
other revolution in respect to the star. ’

The precession of the equinoxes, being 50 seconds of a de-
gree, every year, contrary to the sun’s apparent motion, or
about 20 minutes in time, short of the point where the sun
and equinoxes coincided the year before, it follows, that the
fixed stars, or those in the signs of the zodiac, move forward
every year 50 seconds, with respect to the equinoxes.

In consequence of this precession, in 2160 years, those stars
which now appear in the beginning of the sign Aries, for in-
stance, will then appear in the beginning of Taurus, having
moved forward one whole sign, or 30 degrees, with respect to
the equinoxes, or the equinoxes having gone backwards 30
degrees, with respect to the stars. In 12,960 years, or 6 times
2160 years, therefore, the stars will appear to have moved
forward one half of the whole circle of the heavens, so that
those which now appear in the first degree of the sign Aries,
will then be in the opposite point of the zodiac, and therefore,
in the first degree of Libra. And in 12,690 years more, be-
cause the equinoxes will have fallen back the other half of
the circle, the stars will appear to have gone forward, from
Librato Aries, thus completing the whole circle of the zodiac.

Thus in about 26,000 years, the equinox will have gone back-
wards a whole revolution around the axis of the ecliptic, and
the stars will appear to have gone forward the whole circle of
the zodiac. ‘

‘The discovery of the precession of the equinoxes has thrown
much light on ancient astronomy and chronology, by showing
an agreement between ancient and modern observations, con-

How many minutes, in time, is the precession of the equinoxes per
year? What effect does this precession produce on the fized stars >
How many years is a star in going forward one degree, in respect to the
equinoxes > In how many years will the stars appear to have passed
half around the heavens? Inwhat period will the earth appear to have
gone backwards one whole revolution? In what respect is the preces~
sion of the equinoxes an important subject ?
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cerning the places of the signs of the zodiac, not to be recon-
ciled in any other manner.

A complete explanation of the cause which occasions the
precession of the equinoxes, would require the aid of the most
abstruse mathematics, and therefore cannot be properly in-
troduced here. The cause itself, may, however, be stated in
a few words.

It has already been explained, that the revolution of the
earth round its axis, has caused an excess of matter to be
accumulated at the equator, and hence, that the equatorial, is
greater than the polar diameter, by 34 miles. Now the at-
traction of the sun, and moon, on this accumulated matter at
the equator, has the effect of slowly turning the earth about

the axis of the ecliptic, and this occasions the precession of
the equinoxes. )

The Moon.

While the earth revolves round the sun, the moon revolves
round the earth, completing her revolutions once in 27 days,
7 hours, and 43 minutes, and at the distance of 240,000 miles
from the earth. The period of the moon’s change, that is,
from new moon to new moon again, is 29 days, 12 hours, and
44 minutes.

The time of the moon’s revolution round the earth is called
her periodical month ; and the time from change to change
is called her synodical month. If the earth had no annual

“motion, these two periods would be equal, but because the

" earth goes forward in her orbit, while the moon goes round

. the earth, the moon must go as much further, from change to "
-ghange, as the earth goes forward during that time, which is
more than the twelfth part of her orbit, there being more than
i twelve lunar periods in the year.

These two revolutions may be familiarly illustrated by the
motions of the hour and minute hands of a watch. Let us
suppose the 12 hours marked on the dial plate of a watch to
represent the 12 signs of the zodiac through which the sun

- seems to pass in his yearly revolution, while the hour hand of

What is the cause of the precession of the equinoxes? What is the
period of the moon’s revolution round the earth? What is the period
from new moon to new moon again? What are these two periods
called? Why are not the periog;al and synodical months equal ?

How are these two revolutions of the moon illustrated by the two hands
of a watch ?
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the watch répresents the sun, and the minute hand the moon.
Then, as the hour hand goes around the dial plate once in 12
hours, so the sun apparently goes around the zediac once in
12 months; and as the minute hand makes 12 revolutions to
one of the hoar hand, so the moon makes 12 revolutions te
one of the sun. But the moon, or minute hand, imust go more
than once round, from any point on the circle, where it last
eame in conjunction with the sun, or hour hand, to overtake
it again, since the hour hand will have moved forward of the
place where it was last overtaken, and consequently the next
conjunction-must be forward of the place where the last hap-
pened. During an hour, the hour hand describes the twelfth
part of the circle, but the minute hand has not only to
go round the whole circle in an hour, but also such a portion
of it, as the hour hand has moved forward since they last met.
Thus at 12 o’clock, the hands are in conjunction ; the next
conjunction is 5 minutes 27 seconds past I o’clock ; the next,
10 min. 54 sec. past II o’clock ; the third, 16 min. 21 sec.
past III; the 4th, 21 min. 49 sec. past IV; the 5th, 27 min.
10 sec. past V; the 6th, 32 min. 43 sec. past VI; the 7th,
3S min. 10 sec. past VII; the 8th, 43 min. 38 sec. past VIII;
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min. 32 sec:
past X ; and the next conjunction is at XII.

Now although the moon passes around the earth in 27 days
7 hours and 43 minutes, yet her change does not take place
at the end of this period, because her changes are not occa-
sioned by her revolutions alone, but by her coming periodically
into the same position in respect to the sun. At her change,
" sheis in conjunction with the sun, when she is not seen at all,
and at this time astronomers call it mew moon, though gene-
rally, we say it is new moon two days afterwards, when a
small part of her face is to be seen. The reason why there
is not a new moon at the end of 27 days, will be obvious, from
the motions of the hands of a watch; for we see that more
than a revolution of the minute hand is required to bring it
again in the same position with the hour hand, by about the
twelfth part of the circle.

The same principle is true in respect to the moon ; for as

Mention the time of several conjunctions between the two hands of a.
watch. Why do not the moon’s changes take place at the periods of
her revolution around the earth? How much longer does it take the
moon to come again in conjunction with the sun, than it does to perform
her periodical revolution ?
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the earth advances in its orbit, it takes the moon 2 days 5
hours and 1 minute longer to come again in conjunction with
the sun, than it does to make her monthly revolution round
the earth ; and this 2 days, 5 hours and 1 minute being added
to 27 days 7 hours and 43 minutes, the time of the periodical
revolution, makes 29 days 12 hours and 44 minutes, the
period of her synodical revolution.

The moon always presents the same side, or face, towards
the earth, and hence it is evident that she turns on her axis

- but once, while she‘is performing one revolation round the
earth, so that the inhabitants of the moon have but one day,
and one night in the course of a lunar month.

One half of the moon is never in the dark, because when
this half is not enlightened by the sun, a strong light is reflect-
ed to her from the earth, during the sun’s absence. The
other half of the moon enjoys alternately two weeks of the
sun’s light, and two weeks of total darkness.

The moon is a globe, like our earth, and, like the earth,
shines only by the light reflected from the sun ; therefore,
while that half of her which is turned towards the sun is
enlightened, the other half is in darkness. Did the moon
shine by her own light, she would be constantly visible to us,

- for then, being an-orb, and every part illuminated, we should
see her constantly full and round, as we do the sun.

One of the most interesting circumstances to us, respecting
the moon, is, the constant changes which she undergoes, in
her passage around the earth. When she first appears, a day
or two after her change, we can see only a small portior of her
enlightened side, which is in the form of a cresceat; and at
this time she is commonly called new moon. From this peri-
od, she goes on increasing, or showing more and more of her
face, every evening, until at last she becomes round, and her
face fully illuminated. She then beginsagain to decrease, by
apparently losing a small section of her face, and the next
evening, another small section from the same part, and so on,
decreasing a little every day, until she entirely disappears;
and having been absent a day or two, re-appears, in the form
of a crescent, or new moon, as before. )

How is it proved that the moon makes but one revolution on her axis,
as she passes around the earth ? One half of the moon is never in the
dark ; explain why this is so. How leng is the day and night at the
;)tl;ler half? How is it shown that the moon shines only by reflected
ight ? '

\
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‘When the moon disappears, she is said to be in conjunction,
that is, she is in the same direction from us with the sun.
When she is full, she is said to be in opposition, that is, she is
in that part of the heavens opposite to the sun, as seen by us.

The different appearances of the moon, from new to full,
and from full to change, are owing to her presenting different
portious of her enlightened surface towards us at different
times. Her appearances are called the phases of the moon, and
are easily accounted for,and understood by the following figure.

Fig. 205. ‘ :

Let s, fig. 205, be the sun, E the earth, and A, B, C, D,
E, the moon in different parts of her orbit. Now when the
moon changes, or is in conjunction with the sun, as at A, her
dark side is turned towards the earth, and she is invisible, as
represented at a. The sun always shines on one half of the
moon, in every direction, as represented at A and B, on the
inner circle ; but we at the earth see only such portions of the
enlightened half as are turned towards us. After her change,
when she has moved from 4 to B, a small part of her illumi-
nated side comes in sight, and she appears horned,as at b, and
is then called the new moon. When she arrives at C, several
days afterwards, one half of her disc is visible, and she ap-
pears as at ¢, her appearance being the same in both circles.
At this point she is said to be in her first quarter, because she
has passed through a quarter of her orbit, and is 90 degrees

When is the moon said to be in conjunction with the sun, and when
in opposition to the sun? What are the phases of the moon ? Describe

fig. 205, and show how the moon passes from change to full, and from
{ull to change.
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from the place of her conjunction with the sun. At I, she
shows us still more of her enlightened side, and is then said
to appear giblous,asat d. When she comes 1o E, her whole
enlightened side is turned towards the earth, and she appears
in all the splendor of a full moon. During the other half of
her revolution, she daily shows less and less of her illuminated
side, until she again becomes invisible by her conjunction
with the sun. Thus in passing from her conjunction a, to
her full, e, the moon appears, every day to increase, while in
going from her full to her conjunction again, she appears to
us constantly to decrease, but as seen from the sun, she ap-
pears always full.

The earth, seen by the inhabitants of the moon, exhibits
the same phases that the moon does to us, but in a contrary
order. When the moon is in her conjunction, and conse-
quently invisible 10 us, the earth appears full to the people of
the moon, and when the moon is full to us, the earth is dark
to them.

The earth appears thirteen times-larger t5 the lunarians
thau the moon does to us. As the moon always keeps the
same side towards the earth, and turns on her axis only as she
moves round the earth, we never see her opposite side. Con-
sequently, the lunarians who live on the opposite side to us
never sce the earth at all. To those who live on the middle
of the side next to us, cur earth is always visible, and directly
over head, turning on its axis nearly thirty times as rapidly
as the moon, for she turns only once in about thirty days.
A lunar astronomer, who should happen to live directly oppo-
site to that side of the moon, which is next to us, would have
to travel a quarter of the circumference of the moon, or about
1500 miles, to see our earth above the horizon, and if he had
the, curiosity to see such a glorious orb, in its full splendor
over his head, he must travel 3000 miles. But if his curiosity
equalled that of terrestrials, he would be amply compensated
by beholding so glorious a nocturnal luminary, a moon thir-
teen times as large as ours.

That the earth shines upon the moon as she does upon us,
is proved by the fact that the outline of her whole disc may

What is said concerning the phases of the earth, as seen from the
moon? When does the earth appear full at the moon? When is the
earth, in her change, to the people of the moon? Why do those who
live on one gide of the moon never see the earth? How is it known
that the earth shines upon the moon, as the moon does upon us?
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be seen, when only a part of it is enlightened by the sun.
Thus when the sky is clear, and the moon only two or three
days old, it is not uncommon to see the brilliant new moon,
with her horns enlightened by the sun, and at the same time,
the old moon faintly illaminated by reflection from the earth.
This phenomenon is sometimes called * the old moon in the
new moon’s arms,”

It was a disputed point among former astronomers whether
the moon has an atmosphere ; but the more recent discoveries
have decided that she has an atmosphere, though there is
reason to believe that it is much less dense than ours.

- When the moon’s surface is examined through a telescope,
it is found to be wonderfully diversified, for besides the dark
spots perceptible to the naked eye, there are seen extensive
vallies, and long ridges of highly elevated mountaiuns.

Some of these mountains, according to Dr. Herschel, are 4
miles high, while hollows more than 3 miles deep, and almost
exactly circular, appear excavated on the plains. Astronomers
have been at vast labor to enumerate, figure, and describe, the
mountains and spots on the surface of the moon, so that the lati-
tude and longitude of about 100 spots have been ascertained,
and their names, shapes, and relative positions given. A still
greater number of mountains have been named, and Yheir
heights and the length of their bases detailed.

he deep caverns, and broken appearance of the mooun’s
surface, long since induced astronomers, to believe that such
effects were produced by volcanoes, and more recent discover-
ies have seemed to prove that this suggestion was not without
foundation. Dr. Herschel saw with his telescope, what ap-
peared to him three volcanoes in the moon, at the same time,
two of which were nearly extinct, but the third was in the
actual state of eruption, throwing out fire, or other luminous
matter, in vast quantities.

t was formerly believed that several large spots, which ap-
peared to have plane surfaces, wete seas, or lakes, and that a
part of the moon’s surface was covered with water, like that
of our earth. But it has been found, on closely ohserving
these spots, when they were in such a position as to reflect
the sun’s light to the earth, had they been water, that no
such reflection took place. It has also been found, that when

_ What is said concerning the moon’s atmosphere? How high are
some of the mountains, and how deep the caverns of the moon? What
is said ooncerning the volcanoes of the moon ?
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these spots were turned in a certain position, their surfaces
appeared rough, and uneven ; a certain indication that they
are not water. These circumstances, together with the fact,
that the moon’s surface is never obscured by mist, or vapor,
arising from the evaporation of water from her surface, have
induced astronomers to believe, that the moon has neither
seas, lakes, nor rivers, and indeed that no water exists there.

Eclipses.

Every planet and satellite in the solar system is illuminated
by the sun, and hence they cast shadows in the direction op-
posite to him, just as the shadow of a man reaches from the
sun. A shadow is nothing more than the interception of the
rays of light by an opaque body. The earth always makes a
shadow, which reaches to ‘an immense distance into open
space, in the direction opposite to the sun. When the earth
turning on its axis, carries us out of the sphere of the sun’s
light, we say it is sun-set, and then we pass into the earth’s
shadow, and night comes on. When the earth turns half
round from this point, and we again emerge out of the earth’s
shadow, we say, the sun rises, and then day begins.

Now an eclipse of the moon is nothing more than her falling
into the shadow of the earth. The moon having no light of
her own, is thus darkened, and we say she is eclipsed. The
shadow of the moon also reaches to a great distance from her.
We know that it reaches at least 240,000 miles, because it
sometimes reaches the earth. An eclipse of the sun is occa-
sioned whenever the earth falls into the shadow of the moon.
Hence in eclipses, whether of the sun or moon, the two pla-
nets and the sun, must be nearly in a straight line with respect
to each other. In eclipses of the moon, the earth is between
the sun and moon, and in eclipses of the sun, the moon is be-
tween the earth and sun.

If the moon went around the sun in the same plane with
the earth, that is, were the moon’s orbit on the plane of the

‘What is supposed concerning the lakes and seas of the moon? On
what grounds is it supposcd that there is no water at the moon ? What
isa shadow? When do we say it is sun-set, and when do we say it is
sun-rise? What occasions an eclipse of the moon? What causes
eclipses of the sun? In eclipses of the moon, what planet is betwecn
the sun and moon? In eclipses of the sun, what planet is between the
sun and earth? Why is there not an eclipse of the sun at every con-
junction of the sun and moon? .

23
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ecliptic, there would happen an eclipse of the sun at every
conjunction of the sun and moon, or at the time of every new
moon. But at these ‘conjunctions, the moon does not come
exactly between the earth and sun, because the orbit of the
moon is inclined to the ecliptic at an angle of 5} degrees.
Did the planes of the orbits of the earth and moon coincide,
there would be an eclipse of the moon at every full, for then
the moon would pass exactly through the earth’s shadow.

One half of the moon’s orbit being elevated 51 degrees
above the ecliptic, the other half is depressed as much below
it, and thus the moon’s orbit crosses that of the earth in two
opposite poiats, called the moon’s nodes.

As the nodes of the moon are the points where she crosses

the ecliptic, it is obvious that she must be half the time above,
and the othet half below these points. The node in which
she crosses the plane of the ecliptic upward, or towards the
north, is called her ascending node. That in which she
crosses the same plane downward, or toward the south, is
called her descending node. .
. The moon’s orbit, like those of the other planets, is ellipti-
cal, so that she is sometimes nearer the earth than at others.
When she is in that part of her orbit, at the greatest distance
from the earth, she i3 said to be in her apogee, and when at
her least distance from the earth, she is in her perigee.

Eclipses can only happen at the time when the moon is at,
or near, one of her nodes, for at no other time is she near the
plane of the earth’s orbit, and since the earth is always in
this plane, the moon must be at, or near it also, in order to
bring the two planets and the sun in the same right line,
without which no eclipse can happen.

The reason why eclipses do not happen oftener, and at
regular periods, is because a node of the moon is usually only
twice, and never more than three times in the year, presented
towards the sun. 'The average number of total echpses of
both luminaries, in a century, is about thirty, and the average
number of total and partial, in a year, about four. There
may be seven eclipses in a year, including those of both lu-

How many degrees is the moon’s orbit inclined to that of the earth ?
What are the nogzz of the moon? What is meant by the ascending
and descending nodes of the moon? What is the moon’s apogee, and
what her perigee ?  Why must the moon be at, or near one of her nodes,
to occasion an eclipse? Why do not eclipses happen often, and at
regular periods? What is the greatest, and what the least number of
eifipnc, that can happen in a year?
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minaries, and there may be only two. When there are only
two, they are both of the sun.

When the moon is within 16} degrees of her node, at the
time of her change, she is so near the ecliptic, that the sun
may be more or less eclipsed, and when she is within 12 de-
grees of her node, at the time of her full, the moon will be
more or less eclipsed.

But the moon is more frequently within 16} degrees of her
node at the time of her change, than she is within 12 degrees
at the time of her full, and consequently there will be a great-
er number of solar, than of lunar eclipses, in a course of
years. Yet more lunar eclipses will be visible, at any one
,flace on the earth than solar, because the sun, being so much
arger than the earth, or moon, the shadow of these bodies
must terminate in a point, and this point of the moon’s sha-
dow never covers but a small portion of the earth’s surface,
while lunar eclipses are visible over a whole hemisphere,
and as the earth turns on its axis, are therefore visible to more
than half the earth. This will be obvious by figs. 206 and
207, where it- will be observed that an eclipse of the moon
may be seen wherever the moon is visible, while an eclipse
of the sun will be total only to those who live within the
space covered by the moon’s dark shadow.

Lunar Eclipses. When the moon falls into the shadow of
the earth, the rays of the sun are intercepted, or hid from her,
and she then becomes eclipsed. When the earth’s shadow
coversonly a part of her face, as seen by us, she suffers only a
partial eclipse, one part of her disc being obscured, while the
other part reflects the sun’s light. But when her whole sur-
face is obscured by the earth’s shadow, she then suffers a total
eclipse, and of a duration propartivnate to the distance she
passes through the earth’s shadow. )

Fig. 206 represents a total lunar eclipse; the moon being

Why will there be more solar than lunar eclipses, in the course of

ylem : Why will more lupar than solar eclipses be visible at any one
place ?
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in the midst of the earth’s shadow. Now it will-be apparent,
Fig. 206. '

that in the situation of the sun, earth, and moon, as represent-
ed in the figure, this eclipse will be visible from all parts of that
hemisphere of the earth which is next the moon, and that the
moon’s disc will be equally obscured, from whatever point it
is seen. When the moon passes through only a part of the
earth’s shadow, then she suffers only a partial eclipse, but this
is also visible from the whole hemisphere next the moon. It
will be remembered that lunar eclipses happen only at full
moon, the sun and moon being in opposition, and the earth be-
tween them.

Solar Eclipses. When the moon passes between the earth
and sun, there happens an eclipse of the sun, because then the
moon’s shadow falls upon the earth.. - A total eclipse of the
sun happens often, but when it occurs, the total obscurity
is confined to a small part of the earth; since the dark por-
tion of the moon’s shadow never exceeds 200 miles in diam-
eter on the earth. But the moon’s partial shadow, or pe-
numbra, may cover a space on the earth of mere than 4,000
miles in diameter, within all which space the sun will be more
or less eclipsed. When the penumbra first touches the earth,
the eclipse begins at that place, and ends when the penum-
bra leavesit. But the eclipse will be total only where the dark

shadow of the moon touches the earth.
Fig. 207.

Why is the same eclipse total at one place, and only partial at andth-
er?'hWhy is a total eclipse of the sun confined to so small a part of the
earth?
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Fig. 207 represents an eclipse of the sun, without regard to
the penumbra, that it may be observed how small a part of
the earth the dark shadow of the moon covers. To those
who live within the limits of this shadow, the eclipse will be
total, while to those who live in any direction around it, and
within reach of the penumbra, it will be only partial.

Solar eclipses are called annular, from annulus, a ring,
when the moon passes across the centre of the sun, hiding all
his light, with the exception of a ring on his outer edge, which
the moon is too small to cover from the position in which it
-is seen. !

Fig. 208,

Fig. 208 represents a solar eclipse, with the penumbra D,
C, and the umbra, or dark shadow, asseen in the above figure.

When the moon is at its greatest distance from the earth,
its shadow m o, sometimes terminates before it reaches the
earth, and then an observer standing directly under the point
o, will see the odter edge of the sun, forming a bright ring
‘around the circumference of the moon, thus forming an annu-
{u? eclipse. :

The penumbra D C, is only a partial interception of the
sur’s rays, and in annular eclipses it is this partial shadow on-
ly which reaches the earth, while the umbra, or dark shadow,
terminates in the aiv. Hence annular eclipses are never to-
tal in any part of the earth. The penumbra, as already stated,
may cover more than 4000 miles of space, while the umbra
never covers more than 200 miles in diameter; hence partial
eclipses of the sun may be seen by a vast number of inhabi-
tants, while comparatively few will witness the total eclipse.

When there happens a sotal solar eclipse to us, we are eclips-
ed to the moon, and when the moon is eclipsed to us, an eclipse
of the sun happens to the moon. To the moon, it is obvious

What is meant by penumbra? What will be the difference in the
ampect of the eclipse, whether the observer stands within the dark shad-
ow, or only within the penumbra? What is meant by annular eclipses ?
Are anrralar eclipses ever total in any part of the earth? In annular
eclipses, what part of the moon;:}:hidow reaches the earth 2
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that an eclipse of the earth can never be total, since her shad-
ow covers only a small portion of the earth’s surface. Such
an eclipse, therefore, at the moon, appears only as a dark spot
on the face of the earth ; but when the moon is eclipsed tous,
the sun is partially eclipsed to the moon for several hours long-
er than the moon is eclipsed to us.

The Tides.

The ebbing and flowing of the sea, which regularly takes
placa twice in 24 hours, are called the tides. The cause of
the tides is the attraction of the sun and moon, but chiefly of
the moon on the waters of the ocean. In virtue of the universal
principle of gravitation, heretofore explained, the moon, by her
attraction draws, or raises the water towards her, but because
the power of attraction diminishes as the squares of the dis-
tances increase, the waters, on the opposite side of the earth,
are npt so much attracted as they are on the side nearest the
moon. This want of attraction, together with the greater cen-
trifugal force of the earth on its opposite side, produced in con-
sequence of its greater distance from the common centre of
gravity, between the earth and moon, causes the waters to rise
on the opposite side, at the same time that they are raised by
direct attraction on the side nearest her.

Thus the waters are constantly elevated on the sides of the
earth opposite to each other above their common level, and con-
sequently depressed at opposite points equally distant from
these elevations.

Let m, fig. 209, be the mfgon, and E the earth covered with

ig. 209.

water. As the moon passes round the earth, its solid and fluid
parts are equally attracted by her influence, according to their
densities ; but while the solid parts are at liberty to move only
as a whole, the water obeys the slightest impulse, and thus
tends towards the moon where her attraction is the strongest.

What is said concerning eclipses of the earth, as seen from the moon ?
What are the tides? What is the cause of the tides? What causes the
tide to rise on the side of the earth opposite to the moon?
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Consequently the waters are berpetually elevated immediately
under the moon. If therefore the ‘earth stood still, the influ-
ence of the moon's attraction would raise the tides only asshe
passed round the earth. But as the earth turns on her axis
every 24 hours, and as the waters nearest the moon, as et a,
are constantly elevated, they will, in the course of 24 hours,
move rouad the whole earth, and consequently from this cause,
there will be high water at every plage once in 24 hours. As
the elevation of the waters under the moon causes their de«
pression at 90 degrees distance on the opposite sides of the
earth d and ¢, the point ¢, will come to the same place, by the
earth’s diurnal revolation, six hours after the point a, because

¢ isone quarter the circumference of the earth from the point

a, and therefore there will be low water at any place six hours
after it was high water at that place. But while itis high wa~
ter under the moon, in consequence of her direct attraction,
it is also high water on the opposite side of the earth in con-
sequence of her diminished attraction, and the earth’s centrif-
'ugal motion, and therefore it will be high water from this cause
twelve hours after it was high water from the former cause,
and six hours after it was low water from both causes.

Thus when it is high water at a and b, it is low water at ¢
and d, and as the earth revolves once in 24 hours, there will
be an elternate ebbing and flowing of the tide, at every place
once in six hours. ’

But while the earth turns on her axis, the moon advances in
her orbit, and consequently any given point on the earth will
not come under the moon on one day so soon as it did on the
day before. For this reason, high or low water at any place
comes about 50 minutes later on one day than it did the day
before. .

Thus far we have considered no other attractive influence
except that of the moon, as affecting the waters of the ocean.
But the sun, as already observed, has an effect upon the tides,
though on account of his great distance, his influence is small
when compared with that of the moon.

When the sun and moon are in conjunction, as represented
in fig. 208, which takes place at her change, or when they are
in opposition, which takes place at full moon, then their forces

If the earth stood still, the tides would rise only as the moon passes
round the earth; what then causes the tides to rise twice in 24 hours?
‘When it is high water under the moon by her attraction, what is the
cause of high water on the opposite side of the earth, at the same time ?
‘Why are the tides about 50 minutes later every day ?
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sre united, or act on the waters in the same direction, and cotts
sequently the tides are elevated higher than usual, and on this
account are called spring-tides.

But when the moon is in her quadratures, or quarters, the
attraction of the sun tends to counteract that of the moon, and
although his attraction does not elevate the waters and pro-
duce tides, his influence diminishes that of the moon, and con-
sequently the elevation of the waters are less when the sun and
meon are so situated in respect to each other, than when they
are in conjunction, or oppositiou.

Fig. 210.
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This effect is represented by fig. 210, where the elevation
of the tides at ¢ and d is produced by the canses already ex-
plained ; but their elevation is not sogreat as in fig. 209, since
the influence of the sun acting in the direction a b, tends to
counteract the moon’s attractive influence. These small tides
are called neap tides, and happen only when the moon is in
her quadratures. ‘

The tides are not at their greatest heights at the tinre when
the moon is at its meridian, but some time afterwards, because
the water, having a motion forward, continues to advance by
its own inertia, some time after the direct influence of the moon
has ceased to affect it.

Latitude and Longitude.

Latitude is the distance from the equator in a direct line,
north or south, measured in degrees and minutes. The num-
ber of degrees is 90, north, and as many south, each line on
which these degrees are reckoned, running from the equator
to the poles. Places on the north of the equator are in north
latitude, and those on the south of the equator are in south lati-
tude. The parallels of latitude are imaginary lines drawn

What produces spring tides? Where must the moon be in respect to
the san, to produce spring tides? What is the occasion of neap tides?
What is latitude ?
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parallel to the equator, either north or south,’and hence every
place situated on the same parallel, is in the same latitude,
because it must be at the same distance from the equator.
The length of a degree of latitude is 60 geographical miles.
_ Longitude is the distance measured in degrees gnd minutes
either east or west, from any given point on the equator, or
on any parallel of latitude. Hence the lines, or meridians of
longitude cross those of latitude at right angles. The degrees
of longitude are 180 in number, its lines extending half a
circle to the east,and half a circle to the west, from any given
meridian, so as to include the whole circumference of the
earth. A degree of longitude, at the equator, is of the same
length as a degree of latitude, but as the poles are approached,
the degrees of longitude diminish in length, because the
earth grows smaller in circumference, from the “equator to-
wards the poles ; hence the lines surrounding it become less’

and less. This will be made obvious by fig. 211.
Fig. 211. Let this figure represent the
N earth, IV, being the north pole,
S, the south pole, and E W the
equator. The lines 10, 20, 30,
and so on, are the parallels of
? latitude, and the lines N a S, N
© % 8, &c. are meridian lines, or

wthose of longitude.

The latitude of any place on
the globe, is the number of de-
grees between that place and the
equator, measured on a meridian
line ; thus z is in latitude 40
degrees, because the part z g of

the meridian contains 40 degrees.

The longitude of a place is the number of degrees it is situ-
ated east or west from any meridianline ; thus v is 20 degrees
west longitude from z, and z is 20 degrees east longitude
from ».

As the equator divides the earth into two equal parts, or
hemispleres, there seems to be a natural reason why the de-

How many degrees of latitude are there> How far do the lines of
latitude extend ? W hat is meant, by north, and south latitude? What
are the parallels of latitude > What is longituade? How many degrees
of longitude are there, east or west 2 What is the latitude of any place?
What is the longitade of a place ?
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ees of latitude should be reckoned from this great circle.

ut from east to west there is no natural division of the earth,
each meridian line being a great circle, dividing the earth
into two hemispheres, and hence there is no natural reason
why lengitude should be reckoned from one meridian any
more than‘another. It has, therefore, been customary for
writers and mariners to reckon longitude from the capital of
their own country, as the English from London, the French
from Paris, and the Americans from Washington. But this
mode, it is apparent, must occasion much confusion, since each
writer of a different nation would be obliged to correct the
longitude of all other countries, to make it agree with his own.
More receutly, therefore, the writers of Europe and America
have selected the royal observatory, at Greenwich, near Lon-
don, as the first meridian, and onnost maps and charts lately
published, longitude is reckoned from that place.

The latitude of any place is determined by taking the alti-
tude of the sun at mid-day, and then subtracting this from 90
degrees, making proper allowance for the sun’s place in the
heavens. The reason of this will be obvious, when it is con-
sidered that the whole number of degrees from the Zenith to
the horizon is 90, and therefore, if we ascertain the sun’s dis-
tance from the horizon, that is, his altitude, by allowing for
the sun’s declination north or south of the equator, and sub-
tracting this from the whole number, the latitude of the place
will be found. Thus suppose that on the 20th of March, when
the sun is at the equator, his altitude from any place north of"
the equator should be found to be 48 degrees above the hori-
zon ; this, subtracted from 90, the whole number of the de-
grees of latitude, leaves 42, which will be the latitude of the
place where the observation was made.

If the sun, at the time of observation, has a declinatipn,
north, or south of the equator, this declination must be added
to, or subtracted from the meridian altitude, as the case may
be. For instance, another observation being taken at the
place where the latitude was found to be 42, when the sun
had a declination of 8 degrees north, then his altitude would
be 8 dcgrees greater than before, and therefore 56, instead of

Why are the degrees of latitude reckoned from the equator? What
iy said concerning the places from which the degrees of longitude have
been reckoned? What is the inconvenience of estimating longitude

from a place in each country? From what place is longitude reckoned
in Europe and America ?
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48. Now subtracting this 8, the sun’s declination, from 56,
and the remainder from 90, and the latitude of the place will
be found 42, as before. If the sun’s declination be south of
the equator, and the latitude of the place, north, his declina-
tion must be added to the meridian altitude, instead of being
subtracted from it. The same result may be obtained by
taking the meridian altitude of any of the fixed stars, whose
»declinations are known, instead of the sun’s, and proceeding
as above directed.

There is more difficulty in ascertaining the degrees of lon.
gitude, than those of latitude, because there is no fixed point,
like that of the equator, from which its degrees are reckoned.
The degrees of longitude are therefore, estimated from Green-
wich, and are ascertained by the following methods.

When the sun comes to the meridian of any place, it is
noon, or 12 o’clock, at that place, and therefore, since the
equator is divided into 360 equal parts, or degrees, and since
the earth turns on its axis once in 24 hours, 15 degrees of the
equator will correspond with one hour of time, for 24 hours
being divided by 360 degrees, will give 15. The earth, there-
fore, moves in her daily revolution, at the rate of 15 degrees
for every hour of time. Now as the apparent course of the
sun is from east to west, it is obvious that he will come to any
meridian lying east of a given place, sooner than to one lying
west of that place, and therefore it will be 12 o’clock to the
east of any place, sooner than at that place, or to the west of
it. When, therefore, it is noon at any one place, it will be I
o'clock at all places 15 degrees to the east of it, because the
sun was at the meridian of such places an hour before ; and so
on the contrary, it will be 11 o’clock, 15 degrees west of the
same place, because the sun has still an hour to travel, before
he reaches the meridian of that place. It makes ro differ-
ence, then, where the observer is placed, since if it is 12
o’clock where he is, it will be 1 o’clock 15 degrees to the east
of him, and 11 o’clock 15 degrees to the west of him, and so

How is the latitude of a place determined ? Give an example of the
method of finding the latitude of the samte place at different seasons of
the year. When must the sun’s declination from the equator be added to,
and when subtracted from, his meridian altitude ? Why is there more
difficulty in ascertaining the degrees of longitude than of latitude ? How
many degrees of longitude does the surface of the earth pass through in
an hour? Suppose it is noon at any given place, what o’clock will it
be 15 degrees to the east of that p{ace? Explain the reason. How
may longitude be determined by an eclipse ?
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in this proportion, let the time be more or less. Now if any
celestial phenomenon should happen, such as an eclipse of
the moon, or of Jupiter's satellites, the difference of longitude
between two places where -it is observed, may be determined
by the difference of the times at which it appeared to take’

ace. Thus if the moon enters the earth’s shadow at 6
o'clock, in the evening, as seen at Philadelphia, and at half
past 6 o’clock at another place, then this place is halfan hour,
or 7} degrees to the east of Philadelphia, because 7} degrees
of longitude are equal to half an hour of time. Toapply these
observations practically, it is only neceseary that it should be
known exactly at what (ime the eclipse takes place at a given
point on the earth.

Longitude is also ascertained by means of a chronometer,
or true time piece, adjusted to any given meridian ; for if the
difference between two clocks, situated east and west of each
other, and going exactly at the same rate, can be known, at
the same time, then the distance between the two meridians
where the clocks are placed will be known, and the difference
of longitude may be found.

Suppose two chronometers, which are known to go at ex-
actly the same rate, are made t¢ indicate 12 o’clock by the
meridian line of Greenwich, and the one be taken to sea, while
the other remains at Greenwich. Then suppose the captain,
who takes his chronometer to sea, has occasion to know his
longitude ; in the first place, he ascertains, by an observation
of the sun, when it is 12 o’clock at the place where he is, and
then by his time piece, when it is 12 o’clock at Greenwich,
and by allowing 15 degrees for every hour of the difference in
time, he will know his precise longitude m any part of the
world. For example, suppose the captain sails with his chro-
nometer for America, and after being several weeks at sea,
finds by observation, that it is 12 o’clock by the sun, and at
the same time finds by his chronometer, that it is 4 o’clock at
Greenwich. Tien, because it is noon at his place of obser-
vation, after it is fioon at Greenwich, he knows that his longi-
tude is west from Greenwich, and by allowing 15 degrees for
every hour of the difference, his longitude is ascertained.

Explain the principles on which longitude is determined by the chro-
nometer? Suppose the captain finds by his chronometer that it is 12
o’clock where he is, 6 hours later than at Greenwich, what then.would
be his longitude > Suppose he finds it to be 12 o’clock 4 hours earlier
where e 15, than at Greenwich, what then would be his longitude ?
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Thus, 15 degrees, multiplied by 4 hours, gives 60 degrees of
west longitude from Greenwich. If it is noon at the place of
observation, before it is noon at Greenwich, then the captain
knows that his longitude is east, and his true place is found
in the same manner. : :

Fized Stars.

The stars are called fized, because they have been observed
not to change their places with respect to each other. They
may be distinguished by the naked eye from the planets of
our system by their scintillations, or twinkling. The stars
are divided into classes, according to their magnitudes, and
are called stars of the first, and second, and so on to the sixth
magnitude. About 2000 stars may be seen with the naked
eye in the whole vault of the heavens, though only about 1000
are above the horizon at the same time. Of these, about 17
are of the 1st magnitude, 50 of the 2d magnitude, and 150 of
the 3d magnitude. The others are of the 4th, 5th, and 6th
magnitudes, the last of which are the smallest that can be dis-
tinguished with the naked eye.

It might seem incredible, that on a clear night only about
1000 stars are visible, when on a single glance at the different
parts of the firmament, their numbers appear innumerable.
But this deception arises from the confused and hasty manner
in which they are viewed, for if we look steadily on a particu-
lar portion of sky, and count the stars contained within cer~
tain limits, we shall be surprised to find their number so few.

As we have incomparably more light from the moon, than
from all the stars together, it is absurd to suppose that they
were made for no other purpose than to cast so faint a glim-
mering on our earth, and especially as a great proportion of
them are invisible to our naked eyes. The nearest fixed stars
to our system, from the most accurate astronomical calcula-
tions, cannot be nearer than 20,000,000,000,000, or 20 tril-
lions of miles from the earth, a distance so immepse, that light
cannot pass through it ia less than three yearsf Hence were
these stars annihilated at the present time, their light would

Why are the stars called fixed? How may the stars be distinguished
from the planets? The stars are divided into classes, according to their
magnitudes ; how mauy classes are there? How many stars may be
seen with the naked eye, in the whole firmament? Why does there
appear to be more stars than there really are? What is the computed
distance of the nearest fixed stars from the earth?

4
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continue to flow towards us, and they would appear to be in
the same situations to us, three years hence that they do now.

Our sun, seen from the distance of the nearest fixed stars,
would aPlPeat no larger than a star of the first magnitude does
to us. These stars appear no larger to us, when the earth is
in that part of her orbit nearest to them, than they do, when
she is in the opposite part of her orbit; and as our distance
from the sun is 95,000,000 of miles, we must be twice this
distance, or the whole diameter of the earth’s orbit, nearer a
given fixed star at one period of the year, than at another.
The difference, therefore, of 190,000,000 of miles, bears so
small a proportion to the whole distance between us and the
fixed stars, as to make no appreciable difference in their sizes,
even when assisted by the most powerful telescopes.

The amazing distances of the fixed stars may also be infer-
red from the return of comets to our system, after an absence
of several hundred years.

The velocity with which some of these bodies move, when
nearest the sun, has been computed at nearly a million of
miles in an hour, and although their velocities must be per-
petually retarded, as they recede from the sun, still in 250
years of time, they must move through a space, which to us
would be infinite. The periodical return of one comet
is known to be upwards of 500 years, making more than
250 years in performing its journey to the most remote part
of its orbit, and as many in returning back to our system;
and that it must still always be nearer our system than the
fixed stars, is proved by its return ; for by the laws of gravi-
tation, did it approach nearer another system, it would never
again return to ours.

From such proofs of the vast distances of the fixed stars,
there can be no doubt that they shine with their own light,
like our sun, and hence the conclusion that they are suns to
other worlds, which move around them, as the planets do
around our sun. Their distances will, however, prevent our
ever knowing, except by conjecture, whether this is the case
or not, since, were they millions of times nearer us than they

How long would it take light to reach us from the fixed stars? How
large would our sun appear at the distance of the fixed stars? What -
is said concerning the difference of the distance between the earth and
the fixed stars at different seasons of the year, and of their different ap-
pearances in consequence? How may the distances of the fixed stars
be inferred by the long absence and return of comets? On what
groundsis it supposed that the fixed stars are suns to other worlds?
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are, we should not be able to discover the reflected light of their
planets.

Comets.

Besides the planets, which move round the sun in regular
order, and in nearly circular orbits, there belongs to the solar
system an unknown number of bodies called Comets, which
move round the sun in orbits exceedingly eccentric, or ellipti-
cal, and whose appearance among our heavenly bodies is on-
ly occasional. Comets, to the naked eye, have no visible disc,
but shine with a faint glimmering light, and are accompanied
by a train or tail, turned fror.: the sun, and which is sometimes
of immense length. They appear in every region of the
heavens, and move in every possible direction.

In the days of ignorance and superstition, comets were con-
sidered the harbingers of war, pestilence, or some other great
or general evil ; and it was not until astronomy had made con-
siderable progress as a science, that these strangers could be
seen among our planets without the expectation of some dire-
ful event.

It had been supposed that comets moved in straight lines,
coming from the regions of infinite, or unknown space, and
merely passing by our system, on their way to regions equally
unknown and infinite, and from which they never returned.
Sir Isaac Newton was the first to demonstrate that comets pass
round the sun, like the planets, but that their orbits are ex-
ceedingly elliptical, and extend out to a vast distance beyond
the solar system.

The number of comets is unknown, though some astrono-
mers suppose that there are nearly 500 belonging to our sys-
tem. Ferguson, who wrote in about 1760, supposed that there
were less than 30 comets which made us occasional visits;
but since that period the elements of the orbits of nearly 100
of these bodies have been computed.

Of these, however, there are only three whose periods of re-
turn among us are known with any degree of certainty. The
first of these has a period of 75 years; the second a period of
129 years; and the third a period of 575 years. The third and
last appeared in 1630 ; and therefore canaot be expected again

What number of comets are supposed to belong to our system? How
many have had the elements of their orbits estimated by astronomers?
How many are there whose periods of return are known?
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until the year 2225. This comet in 1680, excited the most
intense interest among the astronomers of Europe,on account
>

1 great apparent size and
approach to our system.
he most remote part of
bit, its distance from the
was eslimated at about
:n thousand two hundred
ons of miles. At its
est approach to the sun,
Jocity, according to Sir
i Yy~ ==, - ww. .- n hour; and supposing
it to have retained the sun’s heat, like other solid bodies, its
temperature must have been about 2000 times that of a red
hot iron. The tail of this comet was at least 100 millions of
miles long.

In the Edinburgh Encyclopedia, article Astronomy, there
is the most complete table of comets yet published. This
contains the elements of 97 comets, calculated by different
astronomers, down to the year 1808.

From this table, it appears that 24 comets have passed be-
tween the sun and the orbit of Mercury; 33 between the or-
bits of Venus and the Earth; 15 between the orbits of the
Earth and Mars; 3 between the orbits of Mars and Ceres;
and 1 between the orbits of Ceres and Jupiter. It also ap-
pears by this table that 49 comets have moved round the sun
from west to east, and 48 from east to west.

Of the nature of these wandering planets very little is known.
When examined by a telescope, they appear like a mass of
vapours surrounding a dark nucleus. When the comet is
at its perihelion, or nearest the sun, its color seems to be
heightened by the intense light or heat of that luminary, and
it then often shines with more brilliancy than the planets. At
this time the tail, or train, which is always directly opposite to
the sun, appears at its greatest length, but is commonly so
transparent as to permit the fixed stars to be seen through it.
A variety of opinions have been advanced by astronomers con-
cerning the nature and cause of these trains. Newton sup-
posed that they were thin vapour, made to ascend by the sun’s
heat, as the smoke of a fire ascends from the earth; while
Kepler maintained that it was the atmosphere of the comet
driven behind it by the impulsion of the sun’s rays. Others

What is said of the comet of 1680 ?
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suppose that this apbearance arises from streams of electric
matter passing away from the comet, &c.

ELECTRICITY.

The science of Electricity, which now ranks as an impor-
tant branch of Natural Philosophy, is wholly of modern date.
The ancients were acquainted with a few detached facts de-
pendent on the agency of electrical influence, but they never
imagined that it was extensively concerned in the operations
of nature, or that it pervaded material substances generally.
The term electricity is derived from electron, the Greek name
of amber, because it was known to the ancients, that when that
substance was rubbed or excited, it attracted or repelled small
light bodies, and it was then unknown that other substances
when excited would do the same.

When a piece of glass, sealing wax, or amber, is rubbed
with the dry hand and held towards small and light bodies,
such as threads, hairs, feathers, or straws, these bodies will fly
towards the surface thus rubbed, and adhere to it for a short
time. ‘The influence by which these small substances are
drawn, is called electrical attraction; the surface having this
attractive power is said to be ezcited ; and the substances sus-
ceptible of this excitation, are called electrics. Substances,
not having this attractive power when rubbed, are called non-
electrics.

The principal electrics are amber, rosin, sulphur, glass, the
precious stones, sealing wax, and the fur of most quadrupeds.

After the light substances, which had been attracted by that
excited surface, have remained in contact with it a certain
time, the force which brought them together ceases to act, or
acts in a contrary direction, and the light bodies are repeNed,
or thrown away from the excited surface. Two bodies, also,
which have been in contact with the excited surface, mutual-
ly repel each other.

Various modes have been devised for exhibiting distinetly
the attractive and repulsive agencies of electricity, and for ob-
taining indications of its presence, when it exists only in a
feeble degree. Instruments for this purpose are termed Elec-
troscopes. .

From what is the term electricity derived ? What is electrical attrac-
tion? What are electrics? What are non-electrics? What are the
principal electrics? What is meant by electrical repulsion? What is
an electroscope ? o0

.y
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One of the simplest instruments of this kind consists of a
Fig. 213. metallic needle, terminated at
each end by a light pith ball,
which is covered with gold leaf,
and supported horizontally at
its centre by a fine point, fig.
213. When a stick of sealing
wax, or a glass tube is excited,
and then presented to one of
these balls, the motion of the
needle on its pivot will indicate
the electrical influence.
If an excited substance be brought near a ball made of pith,
Fig. 214. or cork, suspended by a silk
‘ thread, the ball will, in the first

@ place, approach the electric as at
b a, fig. 214, indicating an attrac-

tion towards it, and if the posi-

tion of the electric will allow,

the ball will come into contact

with the electric, and adhere to

it for a short time, and will then
recede from it, showing that it is repelled asatb. If now the
ball which had touched the eclectric, be brought near another
ball, which has had no communication with an excited sub-
stance, these two balls will attract each other and come into
contact; after which they will repel each other, as in the for-
mer case. .

1t appears, therefore, that the excited body, as the stick of
sealing wax, imparts a portion of its electricity to the ball, and
that when the ball is also electrified, a mutual repulsion then
takes place between them. Afterwards, the ball, being elec-
trified by contact with the electric, when braught near anoth-
er ball not electrified, transfersa part of its elecirical influence
to that, after which these two balls repel each other, as in the
former instance.

Thuas when one substance has a greater or less quantity of
electricity than another, it will attract the other substance, and
when they are in contact, will impart to it a portion of this su-
gerahundance ; but when they are both equally electrified, both

aving more or less than their natural quantity of electricity,
they will repel each other.

L

When do two electrified bodies attract, and when do they repel each.
other?
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To account for these phenomena, two theories have been
advanced, one by Dr. Franklin, who supposes there is only one
electrical fluid, and the other by Du Fay, who supposes there
are two distinct fluids.

Dr. Franklin supposed that all terrestrial substances were
pervaded with the electrical fluid, and that by exciting an elec-
tric, the equilibrium of this fluid was destroyed, so that one
part of the excited body, contained more than its natural quan-
tity of electricity, and the other part less. If in this state a
conductor of electricity, as a piece of metal, be brought near
the excited part, the accumulated electricity would be impart-
ed to it, and then this conductor would receive more than its
natural quantity of the electric fluid. This he called positive
electricity.  But if a conductor be connected with that part
which has less than its ordinary share of the fluid, then the
conductor parts with a share of its own, and therefore will then
contain less than its natural quantity. This he called negative
electricity. . When one body positively, and another negative-
ly electrified, are connected by a conducting substance, the
fluid rushes from the positive to the negative body, and the
equilibrium is restored. Thus bodies which are said to be
positively electrified contain more than their natural quantity
of electricity, while those which are negatively electrified con-
tain less than their natural quantity.

The other theory is explained thus. When a piece of glass
is excited and made to touch a pith ball, as above stated, then
that ball will attract another ball, after which they will mutu-
ally repel each other, and the same will happen if a piece of
sealing wax be used instead of the glass. But if a piece of
excited glass, and another of wax, be made to touch two se
arate balls, they will attract each other ; that is, the ball which
received its electricity from the wax will attract that which re-
ceived its electricity from the glass, and will be attracted by it.
Hence Du Fay concludes that electricity consists of two dis-
tinct fluids, which exist together in all bodies—that they have
a mutual atraction for each other—that they are separated by
the excitation of electrics, and that when thus separated, and

How will two bodies act, one having more, and the other less than the
natural quantity of electricity, when brought near each other? How
will they act when both have more or less than_their natural quantity ?
Explain Dr. Franklin’s theory of electricity. What is meant by posi-
tive, and what by negative electricity 7 What is the consequence, when
a positive and a negative body is connected by a conductor? Explain
Du Fay’s theory. hen two balls are electrified, one with glass, and
the other with wax, will they attract, or repel each other.
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transferred to non-electrics, as to the pith balls, their mutual
attraction causes the balls to rush towards eachother. These
two principles he called vitriousand resinous electricity. The
vitrious being obtained from glass, and the resinous from wax,
and other resinous substances.

Dr. Franklin’s theory is by far the most simple, and will ac-
count for most of the electrical phenomena equally well with
that of Du Fay, and therefore has been adopted by many of
the most able electricians.

It is found that some substances conduct the electric fluid
from a positive to a negative surface with great facility, while
others conduct it with difficulty, and others not at all. Sub-
stances of the first kind are called conductors, and those of the
last, mon-conductors. The electrics, or such substances as,
being excited, communicate electricity, are all non-conduct-
ors, while the non-electrics, or such substances as do not
communicate electricity on being excited, are conductors.
The conductors are the metals, charcoal, water, and other
fluids, except the oils, smoke, steam, ice and snow. The best
conductors are gold, silver, platina, brass, and iron.

The electrics, or non-conductors, are glass, amber, sulphur,
resin, wax, silk, most hard stomes, and the furs of some ani-
mals.

A body is said to be insulated, when it is supperted, or sur-
rounded by anelectric. Thus a stool, standing on glass legs,
is insulated, and a plate of metal laid on a plate of glass, is
insulated.

When large quantities of the electric fluid are wanted for
experiment, or for other purposes, it is procured by an electri-
cal machine. These machines are of various forms, but all
consist of an electric substance, of considerable dimensions ;
the rubber by which this is excited, the prime conductor, on
which the electric matter is aceumulated, the insulator, which
prevents the fluid from escaping, and machinery by which
the electric is set in motion.

What are the two electricities called? From what substances are
the two electricities obtained? What are conductors? What are non-
conductors? What substances are conductors? W hat substances are
the best conductors? W hat substances are electrics, or non-conduct~
ors? When is a body said to he insulated? What are the several
parts of an electrical machine ? :
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Fig. 215.

Fig. 215 represents such a machine, of which A is the
electric, being a cylinder of glass ; B the prime conductor ;
R the rubber, or cushion, and C a chain connecting the rub-
ber with the ground. The prime conductor is supported by
a standard of glass. Sometimes, also, the pillers which sup-
port the axis of the cylinder, and that to which the cushion is
attached, are made of the .same material. The prime con-
ductor has several wires inserted into its side, or end, which
are pointed, and stand with the points near the cylinder.
They receive the clectric fluid from the glass, and convey it
to the conductor. The conductor is commonly made of sheet
brass, there being no advantage in having it solid, as the
electric fluid is always confined entirely to the surface.
Even paper, covered with gold leaf, is as effective in this
respect, as though the whole was of solid gold. The cushion
is attached to a standard, which is furnished with a thumb
screw, so that its pressure on the cylinder can be increased,
or diminished. The cushion is made of leather, stuffed, and
at its upper edge there is attached a flap of silk, F, by which
a greater surface of the glass is covered, and the electric fluid

What is the use of the pointed wires in the prime conductor? How
is it accounted for, that a mere surface of metal will contain as much
electric fluid, as though it were solid > When a piece of glass, or seal-
ing wax is excited, by rubbing it with the hand, or a piece of silk,
whence comes the electricity ?
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thus prevented, in some degree, from escaping. The efficacy
of the rubber in producing the electric excitation is much in-
creased by spreading on it a small quantity of an amalgam of
tin and mercury, mixed with a little lard, or other unctuous
substance.

The manner in which this machine acts, may be inferred
from what has already been said, for when a stick of sealing
wax, or a glass tabe is rubbed with the hand, or a piece of
silk, theelectric fluid is accumulated in the excited substance,
and therefore must be transferred from the hand, or silk, to
the electric. In the same manner, when the cylinder is made
to revolve, the electric matter, in consequence of the friction,
leaves the cushion, and is aceumulated on the glass cylinder,
_ that is, the cushion becomes negatively, and the glass posi-

tively electrified. The fluid, being thus excited, is prevented
from escaping by the silk flap, until it comes to the vicinity
of the metallic points, by which it is conveyed to the prime
conductor, But if the cushion is insulated, the quanfity of
electricity obtained, will soon have reached its limit, for when
its natural quantity is transferred to the glass, no more can
be obtained. It is then necessary to make the cushion com-
municate with the ground, which is done by laying the chain
on the floor, or table, when more of the fluid will be accumu-
lated, by further excitation, the ground being the inexhaustible
source of the electric fluid.

If a person who is insulated, takes the chain in his hand, the
electric fluid will be drawn from him, along the chain to the
cushion, and from the cushion will be transferred to the prime
conductor, and thus the person will become negatively elec-
trified. If then, another person, standing on the floor, hold
his knuckle near him, who is insulated, a spark of electric fire
will pass between them, with a crackling noise, and the
equilibrium will be restored ; that is, the electric fluid will
pass from him who stands on the floor, to him who stands on
the stool. But if the insulated person takes hold of a chain,
connected with the prime conductor, he may be considered

When the cushion is insulated, why is there a limited quantity of
electric matter to be obtained from it? What is then necessary, that
more electric matter may be obtained from the cushion? If an insula-
ted person takes the chain, connected with the cushion. in his hand,
what change will be produced in his natural quantity of electricity > If
the insulated person takes hold of the chain connected with the prime
conductor, and the machine be worked, what then will be the change
produced in his electrical state ?
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as forming a part of the conductor, and therefore the electric
fluid will be accumulated all over his surface, and he will be
positively electrified, or will obtain more than his natural
quantity of electricity. If now, a person standing on the floor
touch this person, he will receive a spark of electrical fire
from him, and the equilibrium will again be restored. '

If two persons stand on two insulated stools, or if they both
stand on a plate of glass, or a cake of wax, the one person
being connected by the chain with the prime conductor, and
the other with the cushion, then, after working the machine,
if they touch each other, a much stronger shock will be felt,
than in either of the other cases, because the differenee be-
tween their electrical states will be greater, the one having
more, and the other less than his natural quantity of electrici-
ty. But if the two insulated persong both take hold of the
chain connected with the prime conductor, or with that con-
nected with the cushion, no spark will pass between them, on
touching each other, because they will then both be in the
same electrical state.

We have seen, fig. 213, that the pith ball is first attracted
and then repelled, by the excited electric, and that the ball so
repelled, will attract, or be attracted, by other substances in
its vicinity, in consequence of having received from the exci-
ted body more than its ordinary quantity of electricity.

Fig. 216. These alternate movements are amus-
ingly exhibited, by placing some small
light bodies, such as the figures of men
and women, made of pith, or paper, be-
tween two metallic plates, the one placed
over the other, as in fig. 216, the upper
plate communicating with the prime con-
ductor, and the other with the ground.
When the electricity is communicated to
the upper plate, the little figures, being at-
tracted by the electricity, will jump up,
and strike their heads ag#inst it, and hav-
ing received a portion of the fluid, are in-
stantly repelled, and again attracted by the
lower plate, to which they impart their elec-
tricity, and then are again attracted, and so
fetch and carry the electric fluid from one

If two insulated persons take hold of the two chains, one connected
with the prime conductor, and the other with the cushion, what chan-
ges will be produced?



%4 ELECTRICITY.

to the other, as long as the upper plate contains more than the
lower one. In the same manner, a tumbler, if electrified on
the inside, and placed over light substances, as pith balls, will
cause them to dance for a considerable time.

This alternate attraction and repulsion, by moveable con-
ductors, is also pleasingly illustrated with a ball, suspended
by a silk string between two bells of brass, fig. 217, one of

Fig. 217. the bells being electrified, and the other
== communicating with the ground. The
alternate attraction aud repulsion,

moves the ball from one bell to the
other, and thus produces a continual
ringing. In all these cases, the phe-
nomena will be the same, whether the
electricity be positive, or negative ;
for two bodies, being both positively,

A or negatively electrified, repel each
@

other, but if one be electrified positive-
ly, and the other negatively, or not at
all, they attract each other.

Thus a small figure, in the human shape, With the head
covered with hair, when electrified, either positively or nega-
tively, will exhibit an appearance of the utmost terror, each
hair standing erect, and diverging from the other, in conse-
quence of mutual repulsion. A person standing on an insula-
ted stool, and highly electrified, will exhibit the same appear-
ance. In cold, dry weather, the friction produced by comb-
ing a person’s hair, will cause a less degree of the same effect.
In either case, the hair will collapse, or shrink to its nataral
state, on carrying a needle near it, because this conducts
away the electric fluid. Instruments designed to measure the
intensity of electric action, are called electrometers.

Such an instrument is represented by fig. 218. It consists
of a slender rod of light wood. a, terminated by a pith ball,
which serves as an index. This is suspended at the upper

If they both take hold of the same chain, what will be the effect ?
Explain the reason why the little images dance between the two metal-
lic platee, fig. 216. - Explain fig. 217. . Does it make any difference in
respect to the motion of the images, or of the ball between the bells,
whether the electricity be positive or negative? When a person is
highly electrified, why does he exhibit an appearance of the utmost
terror? What is an electrometer ?
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Fig.218.  part of the wooden stem b, 50 as to play easily
backwards and forwards. The ivory semicir-
cle ¢, is affixed to the stem, having its centre
coinciding with the axis of motion of the rod,
80 as to measure the angle of deviation from
the perpendicular, which the repulsion of the

. ball from the stem produces in the index.

" When this instrument is used, the lower end

" of the stem is set into an aperture in the prime
conductor, and the intensity of the electric

b action is indicated by the number of degrees

the index is repelled from the perpendicular.

The passage of the electric fluid through a

perfect conductor is never attended with lighs,

or the crackling noise, which is heard when it is transmitted
through the air, or along the surface of an electric.

Several curious experiments illustrate this principle, for if
fragments of tin foil, or other metal, be pasted on a piece of
glass, sonear each other that the electric fluid can pass between
them, the whole line thus formed with the pieces of metal, will
be illuminated by the passage of the electricity from one to
the other.

Fig. 219.
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In this manner, figures; or words may be formed, as in fig.
219, which by connecting one of its ends with the prime con-
ductor, and the other with the ground, will, when the electric
fluid is passed through the whole, in the dark, appear one con-
tinuous, and vivid line of fire.

Electrical light seems not to differ, in any respect, from the
light of the sun, or of a burning lamp. Dr. Wollaston abserv-
ed, that when this light was seen through a prism, the on!ma-
ry colors arising from the decomposition of light were obvious,

Describe that represented at fig. 219, together with the mode of using
it. When the electric fluid passes along a perfect conductor, is it at-
tended with light and noise, er not? When it pmdoq aa electric,
or through the air, what phenemena does it exhibit ? Describe the ex-
periment, fig. 219, intended to illustrate this principle.

25
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The brilliancy of electrical sparks is proportional to the
conducting power of the bodies between which it passes.
When an imperfect conductor, such as a pieee of wood, is em-
ployed, the electric light appears in faint, red streams, while,
if passed between two pointed metals, its color is of a more
brilliant red. Its color also differs, according to the kind of
substance, from, or to which it passes, or it is dependant on
peculiar circumstances. Thus, if the electric fluid passes be-
tween two polished metallic surfaces, its colour is nearly
white ; but if the spark is received by the finger from such a
surface, it will be vtolet. The sparks are green, when taken
by the finger from a surface of silvered leather ; yellow, when
taken from finely powdered charcoal, and purple, when taken
from the greater number of imperfect conductors.

When the electric fluid is discharged from a point, it is
always accompanied by a current of air, whether the electri-
city be positive or negative. The reason of this appears to
be, that the instant a particle of air becomes electrified, it re.
pels, and is repelled by the point from which it received the
electricity.

Fig. 220. Several curious little experiments are
made on this principle. Thus let two cross
wires, as in fig. 220, be suspended on a pi-
vot, each having its point bent in a contrary
direction, and electrified by being placed
on the prime conductor of a machine.
These points, so long as the machine is in
action, will give off streams of electricity,
and as the particles of air repel the points
by which they are electrified, the little ma-

Chine will turn round rapidly, in the direction contrary to
that of the stream of electricity. Perhaps, also, the reaction
of the atmosphere against the current of air given off by the
points, assists in giving it motion,

When one part, or side of an electric is positively, the other
part, or side, is negatively electrified. Thusifa plate of glass
be positively electrified on one side, it will be negatively elec~

" What is the-appearance of electrical light through a prism? What
is said concerning the difforent colors of electrical light, when passing
between surfaces of different kinds? Describe fig. 220, and oxplain
the principle on which its motion depends. Suppose one part, or side
of an electric is positive, what will be.the electric state of the other
side or part ?
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trified on the other, and if the inside of a glass vessel be posi-
tive, the outside will be negative.

Advantage of this circumstance is taken, in the construc-
tion of electrical jars, called, from the place where they were
first made, Leyden vials.

Fig. 221. The most common form of this jar is repre-
sented by fig. 221. It consists of a glass ves-
sel, coated on both sides, up to @ with tin foil ;
the upper part being left naked, so as to pre-
vent a spontaneous discharge, or the passage
of the electric fluid from one coating to the
other. A metallic rod, rising two or three
inches above the jar, and terminating at the
top with a brass ball, which is called the knob
of the jar, ismade to descend through the cover,
till it touches the interior coating. It is along
this rod that the charge of electricity is con-
veyed to the inner coating, while the outer
coating is made to communicate with the ground.

When a chain is passed from the prime conductor of an
electrical machine to this rod, the electricity is accumulated
on the tin foil coating, while the glass above the tin foil pre-
vents its escape, and thus the jar becomes charged. By con-
aecting together a sufficient number of these jars, any quan-
tity of the electric fluid may be accumulated. For this pur-
pose all the interior coatings of the jars are made to commu-
nicate with each other, by metallic rods passing between
them, and finally terminating in a single rod. A similar
union is also established, by connecting the external coats
with each other. When thus arranged, the whole series may
be charged, as if they formed but one jar, and the whole
series may be discharged at the same instant. Such a com-
bination of jars is termed an electrical battery.

For the purpose of making a direct communication between
the inner and outer coating of a single jar, or battery, by which
a discharge is effected, an instrument called a dz‘sclzarging.tod
is employed. It consists of two bent metallic rods, termina-
ted at one end by brass balls, and at the other end connected

What part of the electrical apparatus is constructed on this principle ?
How is the Leyden vial constructed? Why is not the whole surface
of the vial covered with the tin foil? How is the Leyden vial charged ?
In what manner may a number of these vials be charged? What is
an electrical battery ? o
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by a joint. This joint is fixed to the end of a glass handle,
and the rods being moveable at the joint, the balls can be sep-
arated, or brought near each other as occasion requires.
When opened to a proper distance, one ball is made to touch
the tin foil on the outside of the jar, and then the other is
Fig. 222. brought in contact with the knob
of the jar, as seen in fig. 222. In
this manner a discharge is effect-
ed, or an equilibrium produced
between the positive and negative
sides of the jar.
\ When it is desired to pass the
) charge through any substance for
experiment, then an electrical cir-
cui? must be established, of which
the substance to be experimented
on, must form a part. Thatis,
the substance must be placed between the ends of two metal-
lic conductors, one of which communicates with the positive,
and the other with the negative side of the jar, or battery.
When a person takes the electrical shock in the usual man-

‘ner, he merely takes hold of the chain connected with the out-

side coating, and the battery being charged, touches the knob
with his finger, or with a metallic rod. ~On making this cir-
cuit, the fluid passes through the person from the positive to
the negative side.

Any number of persons may receive the electrical shock,
by taking hold of each other’s hands, the first person touching
the knob, while the last takes hold of a chain connected with
the external coating.  In this manner, hundreds, or perhaps
thousa.n(.l's of persons, will feel the shock at the same instant,
there being no perceptible interval in the time when the first
and the last person in the circle feels the sensation excited by
thelpmage of the electric fluid.

The atmosphere always contains more or less electricity,
which is sometimes positive, and at others negative. It is
however most commonly positive, and always so when the sky

Explain the design of fig. 222, and show how an equilibrium is proda-
ced by the dischargingrod. When it is desired to pass the electrical
fluid through any substance, where must it be placed in respect to the
two sidee of the battery? Suppose the battery is charged, what mast s
person do to take the shock’ What circumstance is related, which
shows the surprising velocity with which olectricity is transmitted ?
In the electricity of the atmosphere positive or negative ?
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Is clear, or free from clouds or fogs. It is always stronger in
winter than in summer, and during the day than during the
night. It is also stronger at some hours of the day than at
others; heing strongest about 9 o’clock in the morning, and
weakest about the middle of the afternoon.  These different
electrical states are ascertained by means of long metallic
wires, extending from one building to another, and connected
with electrometers.

It was proved by Dr. Franklin, that the electric fluid and
lightning are the same substance, and this identity has been
confirmed by subsequent writers on the subject. :

If the properties and phenomena of lightning be compare
with those of electricity, it will be found that they differ only
in respect to degree. ‘Thus lightning passes n irregular lines
through the air ; the discharge of an electrical battery has the
same appearance. Lightning strikes the highest pointed ob-
jects—takes in its course the best conductors—sets fire to non~
conductors, or rends them in pieces—and destroys animal
life ; all of which phenomena are caused by the electric fluid.

Buildings may be secured from the effects of lightning, by
fixing to them a metallic rod, which is elevated above any part
of the edifice and continued to the moist ground, or to the
nearest water. Copper for this purpose is better than iron,
not only because it is less liable to rust, but because itis a bet-
ter conductor of the electric fluid. The upper part of the rod
should end in several fine points, which must be covered with
some metal not liable to rust, such as gold, platina, or silver.
No protection is afforded by the conductor unless it is continu-
ed without interruption from the top to the bottom of the build-
ing, and it cannot be relied on as a proteclor, unless it reaches
the moist earth, or ends in waler connected with the earth.
Conductors of copper, may be three fourths of an inch in di-
ameter, but those of iron should be at least an inch in diame-
ter. In large buildings, complete protection requires many
lightning rods, or that they should be elevated to a height
above the building in proportion to the smallness of their num-
bers, for modern experiments have proved that a rod only pro-

At what times does the atmosphere contain most electricity > How
are the different electrical states of the atmosphere ascertained? Who
first discovered that electricity and lightning are thesame? What phe-

.nomena are mentioned which belong in common to electricity and light-
ning> How may buildings be protected from the effects of lightning?
‘What is the best conductor, iron or copper? What circumstances are
necessay, that the rod ga.y be relied on as a protector?
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tects a circle around it, the radius of which is equal to twice
its length above the building.

Some fishes have the power of giving electrical shocks, the
effects of which are the same as those obtained by the friction
of an electric. The best known of these are the Torpedo, the
Gymnotus electricus, and the Silurus electricus. :

The torpedo, when touched with both hands at the same
time, the one hand on the under, and the other on the upper
surface, will give a shock like that of the Leyden vial ; which
shows that the upper and under surfaces of the electric organs
are in the positive and negative state, like the inner and outer
surfaces of the electrical jar.

The gymnotus electricus, or electrical eel, possesses all the
electrical powers of the torpedo, but in a mach higher degree.
When small fish are placed in the water with this animal, they
are generally stunned, and sometimes killed, by his electrical
shock, afier which he eats them if hungry. The strongest
shock of the gymnotus, will pass a short distance through the
air, or across the surface of an electric, from one condactor te
another, and then there can be perceived a small, but vivid
spark of electrical fire ; particularly if the experiment be made
in the dark.

MAGNETISM.

The native Magnet, or Loadstone, is an ore of iron, which
is found in various parts of the world. Its color is iron black,
its specific gravity from 4 to 5, and it is sometimes found in
crystals. This substance without any preparation attractsiron
and steel, and when suspended by a string, will turn one of
its sides towards the north, and another towards the south.

It appears that an examination of the properties of this spe-
cies of iron ore, led to the important discovery of the magnetic
needle, and subsequently laid the foundation for the science of
Magnetism, though at the present day magnets are made with-
out this article.

The whole science of magnetism is founded on the fact that

. pieces of iron or steel, after being treated in a certain manuer,
and then suspended, will constantly turn one of their ends to-

What anirhals have the power of giving electrical shocks? Is this
electricity supposed to differ from that obtained by art? How must the
hands be applied to take the electrical shock of these animals? What
is the native magnet, or loadstone? What are the properties of the

adstone? On what is the whole subject of magnetism founded ?
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wards the north, and consequently the other towards the south.
The same property has been more recently proved to belong
to the metals nicke! and cobalt, though with much less inten-
sity,

The poles of a magnet are those parts which possess the
greatest power, or in which the magnetic virtue seems to be
concentrated. One of the poles points north, and the other
south. The magnetic meridian is a vertical circle in the bea-
vens, which intersects the horizon at the points to which the
magnetic needle, when at rest, directs itself.

T'he azis of a magnet, is a right line which passes from one
of its poles to the other.

The eguator of a magnet, is a line perpendicular to its axis,
and is at the centre between the two poles.

The leading properties of the magnet are the following. It
attracts iron and steel, and when suspended so as to meve free-
ly, it arranges itself so as to point north and south ; this is call-
ed the polarity of the magnet. When the south pole of one
magnet is presented to the north pole of another, they will at-
tract each other; this is called magnetic attraction. But if
the two north, or two south poles be brought together, they
will repel each other; and this is called magnetic repulsion.
When a magnet is left to move freely, it does not lie in a ho-
rizontal direction, but one pole inclines downwards, and con-
sequently the other is elevated above the line of the horizon.
This is called the dipping, or inclination of the magnetic nee-
dle. Any magnet is capable of communicating its own pro-
perties to iron or steel, and this again will impart its magnetic
virtue to another piece of steel, and so on indefinitely.

If a piece of iron or steel be brought near one of the poles
of a magnet, they will attract each other, and if suffered to
come into contact, will adhere so as to require force to sepa-
rate them. This attraction is mutual ; for the iron attracts the
magnet with the same force that the magnet attracts the iron.
This may be proved, by placing the iron and magnet on pieces
of wood floating on water, when they will be seen to approach
each other mutually. .

The force of magnetic attraction varies with the distance in
the same ratio as the force of gravity ; the attracting force be-

What other metals besides iron possess the magnetic property ? What
are the poles of a magnet? What is the axis of a magnet? What is
the equator of a magnet? What is meant by the polaritz of a magnet?
When do two magnets attract, and when repel each other> What is
understood by the dipping of the magnetic needle?
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ing inversely as the square of the distance between the mag-
net and the iren.

The magnetic force is not sensibly affected by the interpo-
sition of any substance except those containing iron, or steel.
Thus, if two magnets, or a magnet, and piece of iron attract
each other with a certain force, this force will be the same, if
a plate of glass, wood, or paper, be placed between them.
Neither will the force be altered, by placing the two attracting
bodies under water, or in the exhausted receiver of an air
pump. This proves that the magnetic influence passes equally.
well through air, glass, wood, paper, water, and a vacuum.

Heat weakens the aractive power of the maguet, and a
white heat entirely destroys it. Electricity will change the
poles of the magnetic needle, and the explosion of a small
quantity of gun powder on one of the poles, will have the
same effect.

The attractive power of the magnet may be increased by
permitting a piece of steel to adhere to it, and then suspending
to the steel a little additional weight every day, for it will
sustain, to a certain limit, a little more weight on one day,
than it would on the day before.

Small nataral magnets ‘will sustain more than large ones
in proportion to their weight. It is rare to find a natural
magnet, weighing 20 or 30 grains, which will lift more than
thirty, or forty times its own weight. But a minute piece of
natural magnet, worn by Sir Isaac Newton, in a ring, which
weighed only three grains, is said to have been capable of
lifting 746 grains, or nearly 250 times its own weight.

The magnetic property may be communicated from the
loadstone, or artificial magnet, in the following manuer, it be-
ing understood that the north pole of one of the magnets em-
ployed, must always be drawn towards the south pole of the new
magnet, and that the south pole of the other magnet employed
is to be drawn in the contrary direction. The north poles of
magnetic bars are usually marked with a line across them, so
as to distinguish this end from the other.

How is it proved that the iron attracts the magnet with the same
force that the magnet attracts the iron? How does the force of mag-
netic attraction vary with the distance? Does the magnetic force vary
with the interposition of any substance between the attracting bodies ?
‘What is the effect of heat on the magnet? What is the effect of elec-
tricity, or the explosion of gun-powder on it? How may the power of
a magnet be increased? What is said concerning the comparative
powers of great and small mégnets ?
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Fig. 223. » Place two magnetic

e ) d bars, a and b, fig. 223, so
that the north end of one

may be nearest the south

end of the other, and at
aty b such a distance, that the
) r ends of the steel bar to be

touched, may rest upon
them. Having thus arranged them, as shown in the figure,
take the two magnetic bars, d and ¢, and apply the south end
of e, and the north end of d, to the middle of the bar ¢, eleva-
ting their ends, as seen in the figure. Next separate the bars
e, and d, by drawing them in opposite directions aleng the
surface of ¢, still preserving the elevation of their ends ; then
removing the bars d and e to the distance of a foot or more
from the bar ¢, bring their north and south poles into contact,
and then, having again placed them on the middle of ¢, draw
them in contrary directions, as before. The same process
must be repeated many times, on each side of the bar ¢, when
1t will be found to have acquired a strong and permanent
magnetism.

If a bar of iron be placed, for & long period of time, in a
north and south direction, or in a perpendicular position, it
will often acquire a strong magnetic power. Old tongs, po-
kers, and fire shovels, almost always possess more or less mag-
netic virtue, and the same is found to be the case with the
iron window bars of ancient houses, whenever they have hap-
pened to be placed in the direction of the magnetic line.

A magnetic needle, such as is employed in the mariner’s and
surveyor’s compass may be made by fixing a piece of steel on -
a board, and then drawing two magnets from the centre to-
wards each end, as directed, at fig. 223. Some magnetic
needles, in time, lose their virtue, and require again to be
magnetized. This may be done by placing the needle, still
suspended on its pivot, between the opposite poles of two
magnetic bars. While it is receiving the magnetism, it will be
agitated, moving backwards and forwards, as though it were
animatedbut when it has become perfectly magnetized, it will
remain, quiescent. i

Explain fig. 223, and describe the mode of making a magnet. In
what positions do bars of iron become magnetic apontaneously? How
may a needle be magnetized without removing it from its pivot ?
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The dip, or inclination of he magnetic needle is its devia-
tion from its horizontal position, as already mentioned. A
piece of steel, or a needle, which will rest on its centre, in a
direction parallel to the horizon, before it is magnetized, will
afterwards incline one of its ends towards the earth. This
property of the magnetic needle, was discovered by a compass
maker, who, having finished his needles before they were
magnetized, found that immediately afterwards, their north
en‘fs inclined towards the earth, so that he was obliged to
add small weights to their south poles, in order to make them
balance, as before.

The dip of the magnetic needle is measured by a graduated
circle, placed in the vertical position, with the needle sus-
pended by its side. Its inclination from a horizontal line
marked across the face of this circle, is the measure of its dip.
The circle, as usual, is divided into 360 degrees, and these
into minutes and seconds.

The dip of the needle daes not vary materially at the same
place, but differs in different latitudes, increasing as it is car-
ried towards the north, and diminishing as it is carried to-
wards the south. At Loudon, the dip, for many years has
varied little from 72 degrees. In the latitude of 80 degrees
north, the dip, according to the observations of Capt. Parry,
was 88 degrees.

Although, in general terms, the magnetic needle is said to
point north and south, yet this is very seldom strictly true,
there being a variation in its direction, which differs in degree
at different times and places. This is called the variation,
or declination of the magnetic needle.

This variation is determined at sea, by observing the differ-
ent points of the compass at which the sun rises, or sets, and
comparing them with the true points of the sun’s rising or
setting, according to astronomical tables. By such observa-
tions, it has beem ascertained, that the magnetic needle is
continually declining alternately to the east, or west, from due
north, and that this variation differs in different parts of the
world at the same time, and at the same place at different
times.

How was the dip of the magnetic needle first discovered? In what
manner is the dip measured ?  What circumstance increases or dimin-
ishes the dip of the needle? What is meant by the declination of the
magnetic needle > How is this variation determined? What has been
ascertained, concerning the variation of the needle at different timea
and places ?
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In 1580 the needle, at London, pointed 11 degrees 15 min-
utes east of north, and in 1657 it pointed due north and south,
so that it moved during that time at the mean rate of about 9
minutes of a degree in each year, towards the north. Since
1657, according to observations made in England, it has de-
clined gradually towards the west, so that in 1803, its varia-
tion west of north, was 24 degrees.

. At Hartford, in latitude about 41, it appears, from a record of
H8 variations, that since the year 1824, the magnetic needle has
been declining towards the west, at the mean rate of 3 minutes
of a degree annually, and that on the 20th of July, 1829, the
variation was 6 degrees 3 minutes west of the true meridian.

The cause of this annual variation has not been demonstra-
ted, though according to the experiments of Mr. Canton, it
has been ascertained, that there are slight variations during
the different months of the year, which seem to depend on the
degrees of heat and cold.

he directive power of the magnet is of vast importance to
the world, since by this power, mariners are enabled to con-
duct their vessels through the widest oceans, in any given di-
rection, and by it, travellers can find their way across deserts
which would otherwise be impassable.






